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PREFACE. 



The object of this book is to provide, in moderate bulk, a collec- 
tion of Bules and Tables relating to those parts of mathematical 
and mechanical science whose application most frequently occurs 
in the useful arts, and especially in engineering and practical 
mechanic& The use of algebraical symbols is avoided, except in 
those cases in which the rules cannot be clearly expressed without 
them. 

The rules and tables of the First Part belong to Arithmetic 
and Mensuration. The tables of well-known quantities, such as 
squares, cubes, and logarithms, have been drawn from the most 
trustworthy sources, and their accuracy independently tested 
throughout ; the circumferences and areas of circles may be relied 
on to the last figura The table of trigonometrical functions con- 
sists of only a single page; but it is sufficient, nevertheless, for the 
solution of such problems in practical mechanics as involve the use 
of those functions; for purposes of G-eodesy, the only proper trig- 
onometrical tables are such as fill a large pai-t of a bulky volume. 
The summary of the rules of trigonometry is complete. Great 
care has been bestowed on the arrangement and explanation of 
those important rules which relate to the measurement of the areas 
of surfaces, volumes of solid figures, and lengths of curves, and the 
finding of the centres of magnitude of all those classes of figures. 

The Second Part relates to the Measures^ commonly so called, of 
different nations, and contains tables and rules relating not only 
to measures of angles, time, length, surface, volume, weight, and 
value, but to those of quantities more or less complex, such as 
speed, heaviness, pressure, work, power, moment, absolute force, 
and heat. The values of the various units of measure mentioned 
are compared with the standards of the British legal system, and 
of the metrical system (whose use is now permitted in Britain) ; 
and those standards are compared with each other according to the 
best authorities — viz., the paper of Mr. Aiiy, Astronomer-Royal, 
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on "Standards of Measure," and that of Professor Miller on the 
"Standard Pound." The tables of multipliers for the conversion 
of measures are numerous and varied, and arranged with a view- 
to compactness. 

The Third Part relates to Engineering Geodesy, comprehending 
surveying, levelling, and the setting out of works. The rules 
which depend on the figure and dimensions of the earth, such as 
those for calculating the lengths of arcs of the meridian, and of arcs 
intersecting the meridian at different angles, are founded on the 
most probable determinations of the earth's dimensions. The rules 
for the setting out of works comprehend directions for ranging 
curves on lines of railway, and for easing the changes of curvature 
at the junctions of such curves with each other, and with straight 
lines. The Part concludes with a system of rules for the measure- 
ment of earthwork. 

The Fourth Part relates to Distributed Forces and Mechanical 
Centres. It includes tables of heaviness and specific gravity, and 
of expansion by heat; and rules for finding centres of gravity, 
moments of weight and of inertia, centres of pressure, centres of 
percussion, and centres of buoyancy. 

The Fifth Part relates to the Balance and Stability of Structures, 
including frames, chains, and arched ribs, retaining walls, piers and 
abutments, arches of masonry, and foundations of different kinds. 

The Sixth Part relates to the Strength of Materials. It com- 
mences with a series of tables of the resistance of various kinds of 
materials to straining actions of different kinds j followed by rules 
for the computation of the strength of materials in the various 
forms in which they are used in structures and machines ; such as 
ties, pipes and cylinders, pillars, axles, beams, chains, and arches. 

The Seventh Part relates to Machines in general ; giving in the 
first place rules for the comparison of the motions of different points 
in a machine, and for the designing of the more important parts of 
mechanism, such as wheels and their teeth, speed-cones, parallel 
motions, &c. These are followed by rules relating to the work of 
machines at uniform speed and at varying speed, to centrifugal 
force, the balancing of machinery, and the use of fly-wheels ; and 
by directions how the rules of the sixth part are to be applied to 
the strength of machineiy. In the course of this Part, rules are 
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given for the resistance of carriages on roads and railways, the 
tractive power of locomotives, and the ruling gradients of railways. 
The Part concludes with rules as to the power of horses and other 
animals, and of men, and a table of the quantity of labour required 
in various operations. 

In the Eighth Part are given rules applicable to Hydraulic and 
Marine Engineering; such as those which determine the head re- 
quired to produce a given discharge of water through a given 
channel or pipe ; the discharge from a given outlet with a given 
head ; the dimensions of the pipe or channel required to discharge 
water at a given rate with a given head; and the strength of water- 
pipes. Then follow rules for the designing of hydraulic prime 
movers ; such as vertical water-wheels, overshot or undershot, and 
turbines ; then rules applicable to windmills. Lastly, rules are 
given for the estimation of the resistance of water to the motion of 
ships ; for the determination of the proper dimensions of propelling 
instruments of different kinds, jets, paddles, or screws, and of the 
engine-power required to drive them; and for calculating the 
quantity of sail which a given ship can safely carry ; — all founded 
on practical experience on the large scale. 

The Ninth Part relates to Heat and the Steam Engina It con- 
tains a system of rules and tables founded on the true principles of 
thermodynamics, and at the same time reduced to a degree of 
brevity and simplicity which it is believed has not hitherto been 
attained, for determining the relations between work done and 
heat expended in any actual or proposed steam engine. Those 
are followed by rules for fixing the leading dimensions of the 
principal parts of an engine required to do a given duty under 
given circumstances : for the heating power and the expenditure 
of fuel : for the efficiency and dimensions of furnaces and boilers ; 
and for the proportioning of slide-valve gear, link-motions, and 
other fittings of steam engines. At the end of the text is a 
plate containing a pair of diagrams of the mechanical properties of 
steam, by the use of which much of the labour of calculation may 
be saved ; and this is followed by a very full alphabetical index. 

W. J. M. R. 
Glasgow University, May^ 1866^ 



CONTENTS. 



PART I.— NUMBERS AND FIGURES. 

Pagr 

ExPLANATiox of Tables of Squares, Cubes, Reciprocals, and Common Logarithms, 1 

Explanation of Table 1a and Table 2, 10 

Tabue 1. — Squares, Cubes, Reciprocals, and Common Logarithms of Numbers 

from 101 to 1000, 11 

Table 1 a. — ^Approximate Square Roots, Cube Roots, and Reciprocals of Prime 

Numbers from 2 to 97, 31 

Table 2.— Souares and Fifth Powers ofNumbers from 10 to 99, ... 82 

Table 2 a.— Prime Factors of Numbers up to 256, 83 

ExPLANATioNof Tables^ and8A, 85 

Table 8.—Hyperbolic Logarithms ofNumbers from 1 to 100, .... 88 

Table 8 a. — Multipliers for Conversion of Logarithms, 88 

Table 4. — Multipliers for Conversion of Circmar Arcs and Aroas, ... 89 

Explanation of Table 6, 41 

Table 5.— Circumferences and Areas of Circles of Dicmeters from 101 to 1000, . 42 

Trigonometrical Rules, 52 

Explanation of Table 6, 59 

Table 6. — ^Arcs, Sines, and Tangents for every Degree, 61 

RULES FOR THE MENSURATION OF FIGURES. 

Sbction I.— Plane Areas, 63 

„ II. — Cylindrical, Conical, and Spherical Areas, 71 

„ III.--Volumes, 72 

„ IV. — Lengths of Curves, . x 74 

„ y. — Centres of Magnitude, 81 

Addendum.— Table 7.— Regular Polygons, 88 

Table of Rhmnbs, 89 

PART IL— MEASURES. 

Section I. — ^Measures of Angles, 90 

„ II. — Measures of Time, 90 

„ III. — Measures of Length, 92 

„ IV. — Measures of Area, or Superficial Measures, 95 

„ V. — Measures of Volume, or Solid Measures, 96 

„ VI.— Measures of Weight, 97 

„ VII. — Measures of Capacity, 99 

„ Vin.— Measures of Value, 100 

„ IX.— Measures of Speed, Heaviness, Pressure, Work, Power, Moment, 

and Absolute Force, 102 

„ X. — Measures of Heat, 105 

„ XI. — Tables of Multipliers for converting Measures, .... 107 






VIU CONTENTS. 

PABT III.— ENGINEERING GEODESY. 

Skction I. — Rules and Tables depending on the Dimensions and Figure of the 

Earth, . , 11 

II. — Tables of Scales for Plans and Sections, 12i 

HI. — Rules relating to Surveying, 12. , 

IV. — Rules relating to Levelling and Sounding, 131: 

V. — Rules relating to Setting-out Works, 133! 

VI. — Rules relating to Mensuration of Earthwork, 143 

PART IV.— DISTRIBUTED FORCES AND MECHANICAL CENTRES. 

Rules as to Specific Gravity, Heaviness, Density, and Bulkiness, . . . 146 { 

Tables of Heaviness and Specific Gravity, 149 i 

Rules as to Centre of Gravity, Moment of Inertia, Centre of Percussion, Centre I 

of Pressure, and Centre of Buoyancy, 153 I 

PART v.— BALANCE AND STABILITY OF STRUCTURES. I 

Section I.— Rules relating to the Composition and Resolution of Forces, . . 158 I 
„ II. — Balance and Stability of Frames, Chains, and Linear Ribs, . .165 

„ HI.— Rules relating to the Pressure of Earth and Stability of Masonry, . 179 

PART VL-STRENGTH OF MATERIALS. 

Section I.— Tables, 191 

„ IL— Rules, 205 

PART VII.-MACHINES IN GENERAL. 

Section I. — Rules relating to the Comparison of Motions, 228 

„ II. — Rules relating to Mechanism, 231 

„ IIL — Rules relating to Work at Uniform and Periodical Speed, . 238 

„ IV. — Rules relating to Varying Speed, 245 

„ V. — Strength of Machinery, 249 

„ VI. — Muscular Power, 2o0 

PART VIII.— HYDRAUUCS. 

Section I.— Rules relating to the Flow of Water, 256 

„ II.— Rules relating to Hydraulic Prime Movers (also to Windmills), . 269 

„ III. — Rules relating to Propulsion of Vessels, 274 

PART IX.— HEAT AND THE STEAM ENGINE. 

Section I.— Rules and Tables relating to the Mechanical Action of Heat, 

especially through Steam, 277 

„ II. — Rules relating to Fuel, Furnaces, and Boilers, .... 295 

„ III. — Various Dimensions and fittings of Steam Engines, . . . 297 



ADDENDA. 

Fusion of Solids, 302 

Flow of Gases, 302 

Levelling by the Barometer (correction for variations in gravity), .... 303 

Additional Resistance of Vessels, from deficient Length, 303 

Friction of Leather Collars, 303 

Plate of the Mechanical Properties of Steam, to face page ... . 304 

litDKS., 805 



M 

he 



USEFUL EULES AND TABLES, 



PAKT I. 

NUMBERS AND FIGURES. 
Table 1. — Squabes, Cubes, Rbcipbocals, aitd Commoit 

LOOABITHMS OF NtTHBEBS FROM 101 TO 999. 

Explanation. 
Squares, Cubes, and Eedprocals, 

1. The square, cube, and reciprocal of 1 are each of them 1. 

2. The square of any integer power of 10 is 1 followed by twice 
as many noughts as there are in the original number; for example, 
102 ^ 100; 1002 = 10000, &a 

3. The cube of any integer power of 10 is 1 followed by thrice 
as many noughts as there are in the original number; for example, 
102 = 1000 ; 1002 ^ 1000000, &c. 

4. The reciprocal of any integer power of 10 is 1 preceded by a 
decimal point, and by one nought fewer than the original number 
contains For example, 

5. The table gives the squares and cubes of all integer numbers 
consisting of three figures. To find the square and cube of any 
integer number consisting of two figures or one figure; annex one 
or two noughts, as the case may be; look for the number so formed 
in the left-hand column, take the square and cube opposite to it, 
and omit the noughts from the right of each of them. For example, 
to find the square and cube of Id; look for 150; then we find 

Number. Square. Cube. 

150 22500 3375000 

from which, omitting the noughts, we obtain 

15 225 3375 

b 
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Again, to find the square and cube of 7, look for 700; then we 
find 

Ntixnber. Square. Cube. 

700 490000 343000000 

from which, omitting the noughts, we obtain 

7 49 343 

6. To find the square and cube of a number consisting of three 
figui'es followed by noughts ; find the square and cube opposite the 
first three figures in the table ; annex twice as many noughts to 
the square, and thrice as many noughts to the cube. For example. 

Number. Square. Cube. 

377 142129 53582633 

3770 14212900 53582633000 

37700 1421290C00 53582633000000 
and so on. 

7. The square and cube of a number consisting either wholly or 
partly of decimal fractions consist of the same figures as if the 
number were an integer; but the square contains twice as many, 
and the cube thrice as many places of decimals as the original 
number. The proper number of places is to be made up by pre- 
fixing noughts when required. For example, 



Number. 


Square. 


Cube. 


377 


I42129 


53582633 


377 


1421*29 


53582633 


3-77 


14-2129 


53582633 


•377 


'I42129 


•053582633 


•0377 


•OOI42129 

and SO on. 


•000053582633 



8. The reciprocals given in the table are those of integers of 
three figurea For every nought that is annexed to the right of 
the original number, a nought is to be inserted at the Ufi of the 
reciprocal ; and for every place of decimals that is cut off at the 
right of the original number, the decimal point is to be shifted one 
place to the right in the reciprocal For example, 



Number. 




BeciprocaL 


160 




•00625 


1600 




•000625 


16000 




•0000625 




and 


SO on; 


6 




•0625 


1-6 




•625 


•16 




625 


•016 




625 


•0016 




625 




and so on. 
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9. The reciprocal of the reciprocal of a ni:(mber is the original 
number itselfl For example, 

The reciprocal of i6o is '00625 
The reciprocal of '00625 is 160 

Hence, when convenient, the reciprocal of a number may some- 
times be found by looking for the number in the column of reci- 
procals, and the reciprocal in the column of original numbers. 

10. To reduce a vulgar fraction to a decimal traction; multiply 
the reciprocal of the denominator of the vulgar fraction by the 
numerator. For example, to reduce ll-16ths to a decimal 
fraction; 

Reciprocal of 16, x>625 

X Numerator, 11 

•6875 Arutoer. 

Note. — The only numbers whose reciprocals can be expressed 
exactly in decimal fractions are 2, 5, and their powers and pro- 
ducts. Numbers divisible by any other prime factor give either 
I'epeating or circulating decimals as their reciprocals. 

11. The square of the product of two numbers is the product of 
their squares; the cube of their product is the product of their cubes. 
For example, 

19982 = (999x 2)2 = 9992x22 

= 998001x4 = 3992004; 

19988 = (999x2)3 = 999»x2» 

= 997002999 x 8 = 7976023992. 

12. To find the square of a quotient or fi-action; divide the 
square or cube of the dividend or numerator by the square or cube 
of the divisor or denominator. For example, 

• ^999^^999^^99^^249500-25; 

^99_9y^9993^9_97002999^^24625374-875. 

13. To find the square of the sum of two numbers; add together 
their squares and twice their product. For example, to find the 
square of 37725 = 37700 + 26-, 

377002 = 1421290000 

252= 625 

37700 X 25 X 2 = 1885000 

377252 = 1423175625 Swnu 

14. To fijid the square of the difference of two numbers; from 
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the sum of their squares subtract twice their product. Example : 
to find the square of 37725 = 37800 - 75 ; 

378002 = 1428840000 
75^= 5625 

1428845625 Sum. 
37800 X 75 X 2 5670000 Subtracted 

377252 (as before) 1423175625 Hemavnder. 

15. To find the cube of the sum of two numbers ; add together the 
cubes of the numbers and three times the square of each multiplied 
by the other. 

For example, to find the cube of 37725 = 37700 + 25; 

377003 - 53582633000000 
253= 15625 

377002 X 25 X 3 

= 1421290000 X 25 x 3 = 106596750000 
37700 X 252 X 3 =: 70687500 

377258= 53689300453125 Sum. 

16. To find the cube of the difference of two numbers; to the 
cube of each of them add three times its product by the square of 
the other; subti-act the less of those sums from the greater. For 
example, to find the cube of 37725 = 37800 - 75 ; 

378008 = 54010152000000 
37800 X 752 X 3 = 637875000 



758= 421875 

75 X 378002 X 3 = 321489000000 



54010789875000 Sum. 
321489421875 Sum, 



377258 (as before) 53689300453125 Diff. 

Eoitraction of Square and Cube Roots. 

17. For convenience in the extraction of roots, the squares in 
the table are divided into periods of two figures, commencing at the 
right, the left-hand period sometimes containing one figure only ; 
and the cubes are divided into periods of three figures, commencing 
at the right, the left-hand period sometimes containing two figures 
or one figure only. The number of periods in the square and the 
cube respectively is the same with the number of figures in the 
root, or original number; and should there be a decimal point 
between two figures of the root, the decimal points in the square 
and cube respectively are between the periods corresponding to 
those figures. (For examples, see Articles 6 and 7.) 

18. To find tlie square root of an exact square of not more than 
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8ix figures; divide the given square into periods of two figures, 
beginning at the decimal point ; look in the column of squares for 
the same figures, similarly divided into periods; the root will be 
opposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the square has of integer 
periods. 

19. To extract the approximate square root of a given number 
that is not an exact square, correct to three figures; divide the 
given number into periods of two figures, commencing at the 
decimal point; then look in the column of squares for the nearest 
square that has the same left-hand period yrith. the given number; the 
root opposite that square will give the first three figures of the 
required root. Then place the decimal point as, directed in 
Bule 18.' • 

20. To extract the approximate square root of a given number 
having three periods of figures that is not an exact square, correct 
to five places of figures. For the first three figures, take the root 
of that square in the table which is next below the given number, 
arid has its left-hand period tlie same. Subtract that square from 
the given number; annex two noughts to the remainder; then 
divide it by the sum of the three figures found and the next greater 
root in the table; the integer figures of the quotient will be the 
two additional figures of the approximate root. (Should there 
be but one integer figure in the quotient, insert a nought 
before it) 

Examples of Eules 18, 19, A2n> 20. 

L Extract the square root of 1421*29. Divide this number 
into periods of two figures, thus, 14 21 '29. Then amongst 
the squares ih the table whose left-hand period is 14 is found 
142129, the square of 377; so that the given number is an 
exact square. The decimal point coming between the second and 
third periods of the square shows that the decimal point comes 
between the second and third figures of the root; which is there- 
fore 37-7. 

II. Extract the approximate square root of 1423*18, correct to 
three figures. Divide the number into periods of two figures, thus, 
14 23 -18. 

Given number, 14 23 '18 

Nearest square of which the ) , . oi .99 _ ^*7.n2 
left-hand period is 14, j "^ "" 

Therefore 37*7 is the approximate root required. 

IIL Extract the approximate square root of 1423 18, correct to 
five figures; 
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Given number, in periods as before, 14 23 '18 

Next less square in the table, 14 21 -29 = 37 '7^ 

Divide by 377 + 378 = 755 ) 1 8900 Dif. 

Quotient, being the two additional figures required, 25 ; 
37*725, approximate root. 

Note. — It is essential that the lefi-hand period, and not merely 
the left-hand figures, of the square in the table should agree with 
the given number; otherwise great errors will arise. In the 
examples given the same left-hand figures are found in 14161, the 
square of 119, as in the given number; but the left-hand period is 
only 1 instead of 14; and it would be a great error to take 119 as 
an approximation to the root required. 

The same remark applies to the rules for extracting the cube 
root, now about to be given. 

21. To find the cube root of an exact cube of not more than 
nine figures; divide the given cube into periods of three figures, 
beginning at the decimal point; look in the column of cubes for 
the same figures similarly divided into periods; the root will be 
opposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the cube has of integer 
periods. 

22. To extract the approximate cube root of a given number 
that is not an exact cube, correct to thi-ee figures; divide the 
given number into periods of three figures, commencing at the 
decimal point; then look in the column of cubes for the nearest 
cube tJuU has the smrve left-hand period with the given number ; the, 
root opposite that square will be the required approximate root. 

23. To extract the approximate cube root of a given number 
Laving three periods of figures that is not an exact cube, correct 
to ^y^ places of figures. For the first three figures, take the root 
of that cube in the table which is next below the given number, 
arid has its left-hand period the same. Subtract that cube from the 
given number; annex two noughts to the remainder; then divide 
it by the three figures already found, by the same three figures 
plus one, and by 3; the integer figures of the quotient will be the 
two additional figures of the approximate root. (Should there bo 
but one integer figure in the quotient, insert a nought before it). 

Examples of Rules 21, 22, and 23. 

I. Extract the cube root of 53-582633. Divide the number into 
periods of three figures, beginning at the decimal point, thus, 
53-582 633. Then amongst the cubes in the table whose left-hand 
period is 53 there is found 53 582 633, the cube of 377 ; so that the 
given number is an exact cube. The decimal point coming between 
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the first and second periods in the cube shows that the decimal 
point comes between the first and second periods in the root; 
which is therefore 3'77. 

II. Extract the approximate cube root of 53 '689 3, correct to 
three figures. Divide the number into periods of three figures, 
thus, 53*689 300. Then we have, 

Given number, 53- 689 300 

Nearest cube of which the) 53. ^gg 633^3.773 
left-hand period is 53,... J 
Therefore 3*77 is the approximate root required. 

III. Extract the approximate cube root of 53*6893, correct to 
five figures. 

Given number, in periods as before,... 53* 689 300 

Next less cube in the table, . 53* 582 633 = 3*77» 

Divide by 377 ) 106 667 00 Diff. 

Divide by 378 ) 282 93 

Divide by 3 ) 75 

Quotient, being the two additional figures required, 25 
3*7725, approximate root. 

Use of Squa/rea for MiUtiplication, 

24. To multiply two numbers together by means of a table of 
squares. 

Case I. If both numbers are odd, or both even; from the square 
of their half-sum subtract the square of their half-difierence ; the 
remainder will be the product required. 

Case II. If one number is odd, and the other even ; subtract 
1 from the even number, so as to leave an odd remainder; 
multiply the first odd number and the odd remainder together as 
in Case I, and to their product add the first odd number; the sum 
will be the product required. 

Example I.— Multiply together 377 and 591 

968 
Half-sum, -^ = 484 ; its square, 234256 

214 
Half-diff., -^ = 107 ; its square, 1 1449 

Product required, 222807 

Example IL—Multiply together 377 and 592. 
377 X 591, by Case I. = 222807 
Add 377 

Product required, 223184 
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Corrmum Loganithma, 

25, The logarithm of 1 is 0. 

26» The common logarithm of 10 is 1, and that of any power of 
10 is the index of that power; in other words, it is equal to the 
number of noughts in the power; thus the common logarithm of 
100 is 2; that of 1000, 3; and so on. 

27. The common logarithm of •! is — 1, and that of any power 
of '1 is the index of that power with the negative sign; that is, it 
is equal to one more than the number of noughts between the 
decimal point and the figure 1, with the negative sign ; for example, 
the common logarithm of -01 is— 2; that of '001, -^ 3; and so on. 

28. The logarithms given in the table ai-e merely the fractional 
parts of the logarithms, correct to five places of decimals, without 
the integral parts or indices; which are supplied in each case 
according to the following rules : — 

The index of the common logarithm of a number not less than 
1 is one less than the number of integer places of figures in that 
number; that is to say, for numbers less than 10 and not less than 
1, the index is ; for numbers less than 100 and not less than 10, 
the index is 1 ; for numbers less than 1000 and not less than 100, 
the index is 2 ; and so on. 

The index of the common logarithm of a decimal fraction less 
than 1 is negative, and is one more than the number of noughts 
between the decimal point and the significant figures; and the 
negative sign is usually written above instead of before the index ; 
that is to say, for numbers less than 1 and not less than -1, the 
index is 1; for numbers less than *1 and not less than *01, the 
index is 2 ; and so on. 

The fractional part of a common logarithm is always positive, 
and depends solely upon the series of figures of which the number 
consists, and not upon the place of the decimal point amongst 
them. ^ 

Examples. 



Number. 


Logarithm. 


177000 


5-57634 


37700 


4-57634 


3770 


3-57634 


377 


3-57634 


377 


1-57634 


377 


0-57634 


•377 


i-57634 


•0377 


£-57634 


•00377 


3-57634 


and FO on. 
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29. The logarithm of a product is the sum of the logarithms of 
its factors. 

30. The logarithm of a power is equal to the logarithm of the 
root multiplied by the index of the power. 

31. The logarithm of a quotient is found by subtracting the 
logarithm of the divisor from the logarithm of the dividend. 

32. The logarithm of a root is found by dividing the logarithm 
of one of its powers by the index of that power. 

Note. — In applying the principles 29 and 31 to logarithms of 
numbers less than 1, it is to be observed that negative indices are 
to be subtracted instead of being added^ and added instead of being 
subtracted. 

33. To avoid the inconvenience which attends the use of negative 
indices to logarithms, it is a very common practice to put, instead 
of a negative index to the logarithm of a fraction, the complement 
(as it is called) of that index to 10; that is to say, 9 instead of T, 
8 instead of 2^ 7 instead of 3, and so on. In such cases, it is always 
to be understood that each such complementary index has — 10 
combined with it; and to prevent mistakes, it is useful to prefix 
— 10 + to it; for example, 

>jnr«iw»i. Logarithm with Logarithm with 

namoer. Negative Index. Complementary Index, 

•377 1-57634 -.10 + 9-57634: 

•0377 2-57634 -10 + 8-57634 

•00377 3-57634 - 10 + 7-57634 

34. To find the fractional part of the common logarithm of a 
number of five places of figures; take from the table the logarithm 
corresponding to the first three figures, and the difference between 
that logarithm and the next greater logarithm in the table; mul- 
tiply that difference by the two remaining figures of the given 
number, and divide by 100; the quotient will be a correction, to 
be added to the logarithm already foimd. 

Example. — Find the common logarithm of 37725. 

Log. 377, 57634 

Log. 378, .57749 

Difference, 115 

X 25 + 100 

Correction, 29 

Add log. 377, 57634 

Log. 37725, 57663 Answer. 

35. To find the natural number, or antilogarUhm, corresponding 
to a common logarithm of five places of decimals, whiph is not in 
the table; find the next less, and the next greater logarithm iu 
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the table, and take their difference. Opposite the next less 
logarithm will be the first three figures of the antilogarithm. 
Subtract the next less logarithm from the given logarithm ; annex 
two noughts to the remainder, and divide by the before-mentioned 
difference; the quotient will give two additional figures of the 
required antilogarithm. (The first of those figures may be a 
nought.) 

Example. Find the antilogarithm of the common logarithm 

•57663. 

Next less log. in table, 57634 

Next greater, 57749 

Difference, * 115 

Given logarithm, 57663 

Subtmct log. 377, 57634 

Divide by difference, 115)2900 

Two additional figures, ... 25 

80 that the answer is 37725. 

Explanation op Table 1a and Table 2. 

Table I A, immediately following Table 1, gives the approximate 
square roots, cube roots, and reciprocals of the prime numbers 
from 2 to 97 inclusive; the roots to seven, and the reciprocals to 
nine places of decimals. 

Table 2, following Table 1 a, gives the squares and fifth powers 
of numbers from 10 to 99 inclusive. 
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No. 


Square. 


Cube. 


Reciprocal 


C Log. 


lOI 


I 02 01 


I 030 301 


•009900990 


00432 


I02 


10404 


I 061 208 


-009803922 


00860 


103 


... 10609 


... 1092727 


'009708738 


01284 


104 


108 16 


I 124864 


•009615385 


01703 


105 


I 1025 


I 157 625 


•009523810 


02119 


106 


... I 1236 


... I T9I 016 


-009433962 


02531 


107 


I 14 49 


I 225 043 


'OO9345794 


02938 


108 


I 16 64 


I 259712 


•009259259 


03342 


109 


... I 18 81 


... 1295029 


-009174312 


03743 


IIO 


I 21 00 


I 331 000 


•009090909 


04139 


III 


T232I 


I 367 631 


•009009009 


04532 


112 


... 12544 


... I 404928 


-008928571 


04922 


"3 


I 27 69 


1442897 


•008849558 


05308 


114 


I 2996 


I 481 544 


•008771930 


05690 


115 


... 13225 


... 1520875 


-008695652 


06070 


116 


i34 5<5 


I 560 896 


•008620690 


06446 


117 


13689 


I 601 613 


•008547009 


06819 


118 


... 13924 


... 1643032 


-008474576 


07188 


119 


I 41 61 


I 685 159 


•008403361 


07555 


120 


14400 


I 728000 


•008333333 


07918 


121 


... I 46 41 


... I 771 561 


-008264463 


08279 


122 


14884 


I 815 848 


•008196721 


08636 


123 


I 51 29 


I 860 867 » 


•008130081 


08991 


124 


... 15376 


... I 906624 


-008064516 


09342 


125 


i5<5 25 


I 953 125 


•008000000 


09691 


126 


15876 


2000376 


•007936508 


10037 


127 


... I 61 29 


... 2048383 


-007874016 


10380 


128 


16384 


2 097 152 


•007812500 


10721 


129 


I 66 41 


2 146689 


'OO7751938 


1 1059 


130 


... I 6900 


... 2 197 000 


-007692308 


II394 


131 


171 61 


2248091 


•007633588 


11727 


132 


17424 


2 299 968 


•007575758 


12057 


133 


... 17689 


.-. 2 352 637 


-007518797 


12385 


134 


17956 


2 406 104 


-007462687 


12710 


135 


182^5 


2460375 


-007407407 


13033 


136 


... 18496 


... 2515456 


-007352941 


13354 


137 


1S769 


2571353 


•007299270 


13672 


138 


19044 


2628072 


•007246377 


13988 


139 


... I 93 21 


... 2685619 


^007194245 


I430I 


140 


I 9600 


2 744 000 


•007142857 


14613 


141 


I 98 81 


2803221 


•007092199 


14922 


142 


.,, 2 01 64 


... 2863288 


^007042254 


15229 


143 


20449 


2 924 207 


•006993007 


15534 


144 


20736 


2 985 984 


•006944444 


15836 


145 


2 1025 


3 048 625 


•006896552 


16137 
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No. 


Square. 


Cube. 


Reciprocal. 


C. Log. 


146 


2 1316 


3 112 136 


•006849315 


16435 


M7 


2 1609 


3176523 


•006802721 


16732 


148 


... 2 1904 


... 3241792 


-006756757 


17026 


149 


2 22 01 


3 307 949 


•0067 II 409 


17319 


150 


2 2500 


3375000 


•006666667 


17609 


151 


... 2 2801 


... 3442951 


-006622517 


17898 


152 


23104 


3 51 1 808 


•006578947 


1 8 184 


153 


23409 


3581577 


•006535948 


18469 


154 


... 237 16 


... 3652264 


-006493506 


18752 


155 


24025 


3723875 


•006451613 


19033 


i5<5 


24336 


3796416 


•006410256 


19312 


157 


... 24649 


...3869893 


'006369427 


19590 


158 


24964 


3944312 


•006329114 


19866 


159 


25281 


4019679 


•006289308 


20140 


160 


... 25600 


... 4096000 


'006250000 


20412 


161 


25921 


4173281 


•006211180 


20683 


162 


26244 


4251528 


•006172840 


20952 


163 


... 26569 


... 4330747 


-006134969 


21219 


164 


26896 


4 410 944 


•006097561 


21484 


165 


27225 


4492125 


•006060606 


21748 


166 


... 27556 


... 4574296 


-006024096 


22011 


167 


27889 


4657463 


•005988024 


22272 


168 


282 24 


4741632 


-005952381 


22531 


169 


... 28561 


... 4826809 


-005917160 


22789 


170 


28900 


4 913 000 


•005882353 


23045 


171 


29241 


5 000 211 


•005847953 


23300 


172 


... 29584 


... 5088448 


-005813953 


23553 


173 


29929 


5177717 


•005780347 


23805 


174 


30276 


5268024 


•005747126 


2405s 


175 


... 30625 


... 5 359 375 


-005714286 


24304 


176 


30976 


5451776 


-005681818 


24551 


177 


31329 


5545233 


•005649718 


24797 


178 


...31684 


... 5639752 


-005617978 


25042 


179 


32041 


5 735 339 


•005586592 


25285 


180 


32400 


5 832 000 


•005555556 


25527 


181 


... 32761 


... 5929741 


-005524862 


25768 


182 


33124 


6 028 568 


•005494505 


26007 


183 


33489 


6 128487 


•005464481 


26245 


184 


...33856 


... 6229504 


-005434783 


26482 


185 


34225 


6331625 


•005405405 


26717 


186 


34596 


6 434 856 


•005376344 


26951 


187 


... 34969 


... 6539203 


-005347594 


27184 


188 


3 53 44 


6644672 


•005319149 


27416 


189 


35721 


6751269 


-005291005 


27646 


190 


361 00 


6 859 000 


•005263158 


27875 
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No. 


Square. 


Cube. 


Reciprocal. 


CLog. 


191 


3648T 


6967871 


•005235602 


28103 


T92 


36864 


7 077 888 


•005208333 


28330 


193 


... 37249 


... 7189057 


005181347 


28556 


194 


37636 


7 301 384 


'OO5154639 


28780 


^95 


38025 


7414875 


•005128205 


29003 


196 


...38416 


... 7529536 


-005102041 


29226 


197 


38809 


7645373 


•005076142 


29447 


198 


39204 


7762392 


•005050505 


29667 


199 


... 39601 


... 7880599 


-005025126 


29885 


200 


40000 


8 000 000 


•005000000 


30103 


201 


40401 


8 120 601 


•004975124 


30320 


202 


... 40804 


... 8242408 


-004950495 


30535 


203 


41209 


8365427 


•004926108 


30750 


204 


41616 


8 489 664 


•00490 1 96 1 


30963 


205 


... 42025 


... 8 615 125 


-004878049 


3II75 


206 


42436 


8 741 816 


•004854369 


31387 


207 


42849 


8869743 


•004830918 


31597 


208 


... 43264 


... 8998912 


-004807692 


31806 


209 


43681 


9129329 


-004784689 


32015 


210 


44100 


9 261 000 


•004761905 


32222 


211 


... 44521 


... 9393931 


004739336 


32428 


212 


4 49 44 


9528128 


•004716981 


32634 


213 


45369 


9663597 


•004694836 


32838 


214 


... 45796 


... 9800344 


^00467 2897 


33041 


215 


46225 


9938375 


•004651 163 


33244 


216 


46656 


10077696 


•004629630 


33445 


217 


... 47089 


...10218313 


-004608295 


33646 


218 


47524 


10360232 


'OO4587156 


33846 


219 


47961 


10503459 


•004566210 


34044 


220 


... 48400 


...10648000 


-004545455 


34242 


221 


48841 


10 793 861 


•004524887 


34439 


222 


49284 


10 941 048 


•004504505 


34635 


223 


... 49729 


...11089567 


-004484305 


34830 


224 


50176 


n 239 424 


•004464286 


35025 


225 


50625 


II 390625 


•004444444 


35218 


226 


... 51076 


...11 543 176 


-004424779 


35411 


227 


51529 


II 697 083 


•004405286 


356Q3 


228 


51984 


II 852 352 


•004385965 


35793 


229 


... 52441 


...12008989 


-004366812 


35984 


230 


5 29 00 


12 167 000 


•004347826 


36173 


231 


53361 


12 326 391 


•004329004 


36361 


232 


...53824 


...12487 168 


-004310345 


36549 


233 


54289 


12649337 


•004291845 


36736 


234 


54756 


12 812 904 


•004273504 


36922 


235 


5 52 25 


12 977 875 


•004255319 


37107 



u 



No. 


Square. 


Cube. 


Reciprocal. 


CLog. 


236 


55696 


13 144 256 


•004237288 


37291 


237 


561 69 


13 312 053 


•004219409 


37475 


238 


... 56644 


...13 481 272 , 


•OO42O1681 


37658 


239 


5712I 


13 651 919 


•0041 84100 


37840 


240 


57600 


13 824 000 


•004166667 


38021 


241 


... 58081 


...13 997 521 


-004149378 


38202 


242 


58564 


14 172 488 


•004 1 3223 1 


38382 


243 


59049 


14 348 907 


•0041 15226 


38561 


244 


... 59536 


...14526784 


^004098361 


38739 


245 


60025 


14706 125 


•004081633 


38917 


246 


60516 


14 886 936 


•004065041 


39094 


247 


... 61009 


...15069223 


-004048583 


39270 


248 


61504 


15 252 992 


•004032258 


39445 


249 


6 2001 


15 438 249 


•004016064 


39620 


250 


... 62500 


...15625000 


'004000000 

•003984064 


39794 


251 


63001 


15 813 251 


39967 


252 


63504 


16003008 


•003968254 


40140 


253 


... 64009 


...16 194 277 


003952569 


40312 


254 


64516 


16 387 064 


•003937008 


40483 


255 


65025 


16 581 375 


•003921569 


40654 


256 


.- 65536 


...16777 216 


-003906250 


40824 


257 


66049 


16974593 


•003891051 


40993 


258 


66564 


17 173 512 


•003875969 


41162 


259 


*.. 67081 


...17373979 


'003861004 


41330 


260 


67600 


17576000 


•003846154 


41497 


261 


681 21 


17 779 581 


•003831418 


41664 


262 


... 68644 


...17984728 


^003816794 


41830 


263 


691 69 


18 191 447 


•003802281 


41996 


264 


6^696 


18399744 


•003787879 


42160 


265 


... 70225 


...18609625 


-003773585 


42325 


266 


70756 


18 821 096 


•003759398 


42488 


267 


71289 


19034 163 


•003745318 


42651 


268 


...71824 


...19248832 


-003731343 


42813 


269 


72361 


19 465 109 


•003717472 


42975 


270 


7 2900 


19683000 


•003703704 


43136 


271 


... 73441 


...10902 511 


^003690037 


43297 


272 


73984 


20 123648 


•003676471 


43457 


273 


74529 


20346417 


•003663004 


43616 


274 


...75076 


...20570824 


'003649635 


43775 


275 


75625 


20796875 


•003636364 


43933 


276 


76176 


21024576 


•003623188 


44091 


277 


... 7 67 29 


...21253933 


•003610108 


44248 


278 


77284 


21 484 952 


•003597122 


44404 


279 


77841 


21 717 639 


•003584229 


44560 


1 280 


7 8400 


21 952 000 


•003571429 


44716 
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No. 


Square. 


Cube. 


Reciprocal 


C. Log. 


281 


78961 


22 188 041 


•003558719 


44871 


282 


79524 


22425768 


•003546099 


45025 


283 


... 80089 


...22665 187 


-003533569 


45179 


284 


80656 


22 906 304 


•00352 1 1 27 


45332 


285 


81225 


23 149 125 


•003508772 


45484 


286 


... 81796 


-23393656 


'003496503 


45637 


287 


82369 


23 639 903 


•003484321 


45788 


288 


82944 


23887872 


•003472222 


45939 


289 


... 83521 


...24137569 


-003460208 


46090 


290 


84100 


24 389 000 


•003448276 


46240 


291 


84681 


24642 171 


•003436426 


46389 


292 


... 85264 


...24897088 


003424658 


46538 


393 


85849 


25153757 


•003412969 


46687 


294 


86436 


25 412 184 


•00340 1 36 1 


46835 


295 


... 87025 


. .25672375 


-003389831 


46982 


296 


87616 


25 934 336 


•003378378 


47129 


297 


88209 


26198073 


•003367003 


47276 


298 


... 88804 


...26463592 


003355705 


47422 


299 


89401 


26730899 


•003344482 


47567 


300 


90000 


27 000 000 


. -003333333 


47712 


301 


... 90601 


...27 270901 


-003322259 


47857 


302 


91204 


27543608 


•00331 1 258 


48001 


303 


9 1809 


27 818 127 


•003300330 


48144 


304 


... 92416 


...28094464 


-003289474 


48287 


305 


93025 


28372625 


•003278689 


48430 


306 


93636 


28652616 


•003267974 


48572 


307 


... 94249 


...28934443 


-003257329 


48714 


308 


94864 


29218 112 


•003246753 


48855 


309 


95481 


29503629 


-003236246 


48996 


310 


... 96100 


...29791 000 


^003225806 


49136 


3" 


967 21 


30080231 


•003215434 


49276 


3" 


9 73 44 


30371328 


•003205128 


49415 


313 


... 97969 


...30664297 


-003194888 


49554 


314 


98596 


30959144 


•0031847 13 


49693 


315 


99225 


31255875 


•003174603 


49831 


316 


... 99856 


...31554496 


.,....•003164557 


49969 


317 


10.0489 


31 855 013 


•003154574 


50106 


318 


10 II 24 


32 157 432 


•003144654 


50243 


319 


... 10 17 61 


...32461759 


-003134796 


50379 


320 


102400 


32 768 000 


•003125000 


50515 


321 


10 30 41 


33 076 161 


•0031 15265 


50651 


322 


... 103684 


...33386248 


-003105590 


50786 


323 


10 43 29 


33 698 267 


•003095975 


56920 


324 


104976 


34012 224 


•003086420 


51055 


325 


105625 


34328125 


•003076923 


51188 



16 



No. 


Square. 


Cube. 


RedprocaL 


CLog. 


326 


106276 


34 645 976 


•003067485 


51322 


327 


106929 


34 965 783 


•003058104 


51455 


328 


... 107584 


...35287552 


-003048780 


51587 


329 


10 82 41 


35611289 


•003039514 


51720 


330 


10 89 00 


35 937 000 


•003030303 


51851 


331 


... 10 95 61 


...36264691 


-003021148 


51983 


332 


II 02 24 


36 594 368 


•003012048 


52114 


333 


II 08 89 


36 926 037 


•003003003 


52244 


334 


... II 1556 


...37259704 


-002994012 


52375 


335 


II 2225 


37 595 375 


-002985075 


52504 


336 


II 2896 


37933056 


-002976190 


52634 


337 


... II 3569 


...38272753 


-002967359 


52763 


338 


II 42 44 


38614472 


•002958580 


52892 


339 


II 4921 


38958219 


-002949853 


53020 


340 


... II 56 00 


...39304000 


...,..•002941176 


53148 


341 


116281 


39 651 821 


-002932551 


53275 


342 


11 6964 


40 001 688 


•002923977 


53403 


343 


... II 76 49 


...40353607 


-002915452 


53529 


344 


II 83 36 


40707584 


■002906977 


53656 


345 


II 9025 


41063625 


•002898551 


53782 


346 


... II 97 16 


...41 421 736 


-002890173 


53908 


347 


120409 


41 781 923 


•002881844 


54033 


348 


12 II 04 


42 144 192 


•002873563 


54158 


349 


... 12 1801 


...42508549 


-002865330 


54283 


350 


122500 


42 875 000 


•002857143 


54407 


351 


12 32 01 


43243551 


•002849003 


54531 


352 


... 123904 


...43614208 


-002840909 


54654 


353 


124609 


43 986 977 


•002832861 


64777 


354 


12 53 16 


44 361 864 


•002824859 


54900 


355 


... 126025 


...44738875 


•OO281690I 


55023 


356 


126736 


45 118 016 


•002808989 


55145 


357 


127449 


45499293 


•002801120 


55267 


358 


... 12 81 64 


...45882712 


^002793296 


55388 


359 


12 88 81 


46268279 


•002785515 


55509 


360 


12 9600 


46 656 000 


•002777778 


55630 


361 


... 130321 


...47045881 


-002770083 


55751 


362 


13 10 44 


47 437 928 


•002762431 


55871 


363 


13 17 69 


47 832 147 


•002754821 


55991 


364 


... 132496 


...48228544 


-002747253 


56110 


3<55 


133225 


48627125 


-002739726 


56229 


366 


133956 


49027896 


-002732240 


56348 


3^7 


... 134689 


...49430863 


-002724796 


56467 


368 


135424 


49 836 032 


•002717391 


56585 


369 


136161 


50 243 409 


•002710027 


56703 


370 


136900 


50 653 000 


•002702703 


56820 



17 



JNo. 


Square. 


Cube. 


Reciprocal 


CLogr. 


371 


13 76 41 


51 064 811 


'OO2695418 


56937 


372 


138384 


51478848 


•002688172 


57054 


373 


.-. 13 91 29 


...51 895 117 


'OO2680965 


57171 


374 


139876 


52313624 


•002673797 


57287 


375 


140625 


52734375 


•002666667 


57403 


376 


... 14 13 76 


...53 157 376 


-002659574 


57519 


377 


14 21 29 


53582633 


•002652520 


57634 


378 


14 28 84 


54 010 152 


•002645503 


57749 


379 


... 14 36 41 


.-.54439939 


^002638522 


57864 


380 


144400 


54872000 


•002631579 


57978 


381 


14 51 61 


55306341 


•002624672 


58092 


• 382 


... 145924 


...55742968 


•002617801 


58206 


383 


146689 


56 181 887 


•002610966 


58320 


384 


147456 


56 623 104 


•002604167 


58433 


385 


... 148225 


...57066625 


-002597403 


58546 


386 


14 89 96 


57512456 


•002590674 


58659 


387 


14 97 6g 


57 960 603 


•002583979 


58771 


388 


... 150544 


...58411072 


-002577320 


58883 


389 


15^321 


58863869 


•002570694 


58995 


390 


15 21 00 


59319000 


•002564103 


59106 


391 


.-.15 28 81 


—59776471 


-002557545 


59218 


392 


15 36 64 


60 236 288 


•002551020 


59329 


393 


154449 


60 698 457 


•002544529 


59439 


394 


•.. 155236 


...6i 162984 


-002538071 


59550 


395 


15 60 25 


61629875 


•002531646 


59660 


396 


15 68 16 


62 099 136 


•002525253 


59770 


397 


... 157609 


...62570773 


^002518892 


59879 


398 


158404 


63044792 


•002512563 


59988 


399 


15 92 01 


63521 199 


•002506266 


60097 


400 


... 160000 


...64000000 


'002500000 


60206 


401 


16 08 01 


64481 201 


-002493766 


60314 


402 


16 1604 


64 964 808 


•002487562 


60423 


403 


••. 162409 


...65450827 


-002481390 


60531 


404 


1632 16 


65 939 264 


•002475248 


60638 


405 


164025 


66430125 


•002469136 


60746 


406 


... 164836 


...66923416 


-002463054 


......60853 


407 


165649 


67419143 


•002457002 


60959 


408 


166464 


67 917 312 


•002450980 


61066 


409 


... 167281 


...68417 929 


-002444988 


61172 


410 


16 81 00 


68921 000 


•002439024 


61278 


411 


16 89 21 


69426531 


•002433090 


61384 


412 


... 169744 


—69934528 


^002427184 


61490 


413 


170569 


70444997 


•002421308 


61595 


414 


17 13 96 


70957944 


•002415459 


61700 


415 


172225 


7M73 375 


•002409639 


61805 



18 



Na 


Square. 


Cube. 


neciprocal. 


CLog. 


416 


173056 


71 991 296 


•002403846 


61909 


417 


173889 


72511713 


•002398082 


62014 


418' 


... 174724 


...73034632 


'002392344 


62118 


419 


17 55 61 


73560059 


•002386635 


62221 


420 


176400 


74088000 


•002380952 


62325 


421 


... 17 72 41 


...74618 461 


"002375297 


62428 


422 


178084 


75 151 448 


•002369668 


62531 


423 


17 89 29 


75 686 967 


•002364066 


62634 


424 


..• 179776 


...76225024 


-002358491 


62737 


425 


18 06 25 


76765625 


•002352941 


62839 


426 


18 14 76 


77308776 


•002347418 


62941 


427 


... 182329 


...77854483 


'002341920 


63043 


428 


18 31 84 


78402752 


'OO2336449 


63144 


429 


18 40 41 


78953589 


•002331002 


63246 


430 


... 184900 


...79507000 


-002325581 


63347 


431 


18 57 61 


80062991 


•002320186 


63448 


432 


186624 


80621568 


'OO2314815 


63548 


433 


.,. 187489 


...81182737 


'002309469 


63649 


434 


188356 


81746504 


•002304147 


63749 


435 


189225 


82312875 


•002298851 


63849 


436 


... 190096 


...82881856 


-002293578 


63949 


437 


190969 


83453453 


•002288330 


64048 


438 


19 18 44 


84027 672 


•002283105 


64147 


439 


.•• 1927 21 


...84604519 


-002277904 


64246 


440 


193600 


85184000 


•002272727 


64345 


441 


194481 


85 766 121 


•002267574 


64444 


442 


... 195364 


...86350888 


-002262443 


64542 


443 


196249 


86 938 307 


'OO2257336 


64640 


444 


197136 


87528384 


•002252252 


64738 


445 


... 198025 


...88 121 125 


-002247191 


......64836 


446 


198916 


88716536 


'OO2242152 


64933 


447 


199809 


89314623 


•002237136 


65031 


448 


... 200704 


...89915392 


-002232143 


65128 


449 


20 16 01 


90518849 


•002227171 


65225 


450 


20 25 00 


91 125000 


•002222222 


65321 


451 


... 203401 


.-91733851 


'OO2217295 


.65418 


452 


20 43 04 


92 345 408 


•002212389 


65514 


453 


20 52 09 


92959677 


•002207506 


65610 


454 


... 2061 16 


...93576664 


'OO2202643 


.65706 


455 


207025 


94^96375 


•002197802 


65801 


456 


207936 


94818816 


•002192982 


65896 


457 


... 208849 


•• 95 443 993 


'002188184 


.65992 


458 


20 97 64 


96071 912 


-002183406 


66087 


459 


21 0681 


96702579 


•002178649 


66181 


460 


21 1600 


97 336 000 


•002173913 


66276 



19 



' No. 


Square. 


Cube. 


Reciprocal 


C. Log. 


461 


21 2521 


97972181 


•002 1 69 1 97 


66370 


462 


213444 


98 611 128 


•002164502 


66464 


463 


... 2i43<59 


... 99252847 


'002159827 


66558 


464 


215296 


99 897 344 


•OO2155172 


66652 


465 


21 62 25 


100544625 


•002150538 


66745 


466 


.„ 21 71 56 


...101 194696 


'002145923 


....,:66839 


467 


218089 


loi 847 563 


•OO2I41328 


66932 


468 


21 9024 


102 503 232 


•002136752 


67025 


469 


... 21 9961 


...103 161 709 


'002132196 


....,,67117 


470 


220900 


103823000 


•002127660 


67210 


47 1 


22 18 41 


104487 III 


•002 1 23 1 42 


67302 


472 


... 22 27 84 


...105 154 048 


'002I 18644 


r67394 


473 


22 37 29 


105 823 817 


•002114165. 


67486 


474 


224676 


106 496 424 


•002109705, 


67578 


475 


... 225625 


,..107171875 


•002105265 


67669 


476 


226576 


107 850 176 


•002100840 


67761 


477 


227529 


108 531 333 


•002096436 


67852 


478 


...228484 


...109 215 352 


'002092050 


......67943 


479 


229441 


109 902 239 


'OO2087683 


68034 


480 


23 04 00 


1 10 592 000 


•002083333 


68124 


481 


... 231361 


...III 284 64T 


'002079002 


68215 


482 


23 23 24 


III 980168 


•002074689 


68305 


483 


23 32 89 


112 678587 


•002070393 


68395 


484 


... 234256 


•..113379904 


-002066116 


......68485 


485 


23 52 25 


1 14 084 125 


•002061856 


68574 


486 


2361 96 


114791256 


•002057613 


68664 


487 


... 237169 


...115 501 303 


-002053388 


....,,68753 


488 


238144 


116 214 272 


•002049180 


68842 


489 


23 91 21 


116 930 169 


•002044990 


68931 


490 


... 240100 


...117 649000 


•002040816 


......69020 


491 


24 10 81 


118 370771 


•002036660 


69108 


492 


24 20 64 


1 19 095 488 


•002032520 


69197 


493 


. ... 24 30 49 


...1198.23 157 


'002028398 


69285 


494 


24 40 36 


120553784 


•002024291 


69373 


495 


245025 


121287375 


•002020202 


69461 


496 


... 24 60 16 


...122023936 


•002016129 


69548 


497 


247009 


122763473 


•002012072 


69636 


498 


24 80 04 


123505992 


•002008032 


69723 


499 


..... 249001 


...124 251 499 


-002004008 


69810 


500 


25 00 00 


1 25 000 000 


•002000000. 


69897 


501 


25 1001 


125 751 501 


•001996008 


69984 


502 


... 252004 


...126506008 


-001992032 


.......70070 


503 


25 30 09 


127263527 


•001988072 


70x57 


504 


254016 


128024064 


•001984127 


70243 


505 


25 50 25 


128787 625 


•001980198 


70329 



No. 


Square. 


Cube. 


Reciprocal. 


CLog. 


506 


25 60 36 


129 554 216 


•001976285 


70415 


507 


257049 


130323843 


•001972387 


70501 


508 


-.258064 


...131 096 512 


-001968504 


70586 


509 


25 90 8i 


131 872 229 


•001964637 


70672 


510 


26 01 00 


132 651 OOP 


•001960784 


70757 


511 


... 26 II 21 


...133 432 831 


-001956947 


70842 


512 


2621 44 


134 217 728 


•001 9531 25 


70927 


513 


2631 69 


135005697 


•OOI949318 . 


71012 


514 


... 264196 


-..135796744 


-001945525' 


71096 


515 


26 52 25 


136590875 


•00194x748 


71181 


516 


26 62 56 


137388096 


•001937984 


7x265 


517 


.., 267289 


...138 188 413 


-001934236 


71349 


518 


26 83 24 


13899x832 


•001930502 


71433 


5x9 


269361 


139798359 


1001926782 


71517 


520 


... 270400 


...140608000 


'001923077 


71600 


521 


'* 271441 


141 420761 


•001 9 1 9386 


71684 


522 


27 24 84 


142 236 648 


•001915709 


71767 


523 


...273529 


...M3 055 667 


•001912046 


71S50 


524 


274576 


143877824 


•001908397 


71933 


525 


27 56 25 


144 703 125 


•001904762 


72016 


526 


... 276676 


...145 531 576 


'001901141 


72099 


527 


277729 


146 363 183 


-001897533 


72181 


528 


27 87 84 


147 197 952 


•001893939 


72263 


529 


... 279841 


...148035889 


'001890359 


72346 


530 


28 09 00 


148877000 


•001886792 


72428 


531 


28 19 61 


149 721 291 


•001883239 


72509 


532 


... 28 30 24 


...150568768 


^001879699 


72591 


533 


28 40 89 


1514x9437 


•001876173 


72673 


534 


285156 


152273304 


•001872659 


72754 


535 


... 286225 


...153130375 


-001869159 


72835 


536 


287296 


153990656 


•001865672 


72916 


537 


28 83 6g 


154854153 


•001862197 


72997 


538 


... 289444 


...155720872 


-001858736 


73078 


539 


290521 


156 590 819 


•001855288 


73159 


540 


29 1600 


157464000 


•001851852 


73239 


541 


... 292681 


...158 340 421 


-001848429 


73320 


542 


29 37 64 


159220088 


•001845018 


73400 


543 


294849 


160 103 007 


•001841621 


73480 


544 


... 295936 


...160989 184 


.......001838235 


73560 


545 


297025 


161 878 625 


•001834862 


73640 


546 


2981 16 


162771336 


•001831502 


73719 


547 


... 299209 


...163667323 


-001828154 


73799 


548 


300304 


164566592 


•001824818 


73878 


549 


30 14 01 


165 469 149 


•001821494 


73957 


550 


30 25 00 


166375000 


•001818182 


74036 



21 



No. 


Square. 


Cube. 


Reciprocal. 


CLog. 


551 


303601 


167 284 151 


•001814882 


74115 


55a 


30 47 04 


168 196 608 


•OO1811594 


74194 


553 


... 305809 


...169 112 377 


-001808318 


74273 


554 


306916 


170 03 1 464 


•001805054 


J4351 


555 


308025 


170953875 


X>0l80l802 


74429 


556 


••• 30913^ 


...171 879616 


-001798561 


74507 


557 


31 02 49 


172808693 


-001795332 


74586 


658 


3113^^4 


173 74^ "2 


-OOI792II5 


74663 


559 


... 31 2481 


...174676879 


-001788909 


......74741 


560 


313600 


175616000 


•001785714 


74819 


561 


31 47 21 


176 558 481 


■001782531 


74896 


562 


.•.315844 


...177504328 


-001779359 


74974 


563 


316969 


178453547 


•001776199 


75051 


564 


318096 


179 406 144 


•001773050 


75128 


565 


... 31 92 25 


...180362 125 


-001769912 


75205 


566 


32 03 56 


181 321 496 


•001766784 


75282 


567 


321489 


182284263 


•001763668 


75358 


568 


... 32 26 24 


...183250432 


-001760563 


75435 


569 


323761 


184220009 


•001757469 


755" 


570 


324900 


185 193000 


•001754386 


75587 


571 


... 326041 


...186 169 411 


-001751313 


75664 


572 


327184 


187 149 248 


•001748252 


75740 


573 


32 83 29 


188 132 517 


•OOI7452OI 


75815 


574 


— 32947^ 


...189 119 224 


^001742160 


7589X 


575 


33 06 25 


190 109 375 


WI73913O 


75967 


576 


33 17 76 


191 102976 


•001736111 


76042 


577 


... 33 29 29 


...192 100033 


-001733102 


76118 


578 


334084 


193 100552 


•001730104 ^ 


76193 


579 


33 52 41 


194 104 539 


•001727116 


76268 


580 


... 33^5400 


...195 1 12 000 


-001724138 


76343 


581 


33 75<5i 


196 122 941 


•001721170 


76418 


582 


33 87 24 


197 137 368 


•001718213 


76492 


583 


... 33 98 89 


...198 155 287 


•001715266 


76567 


584 


341056 


199 176 704 


•001712329 


76641 


685 


34 22 25 


200 201 625 


•001709402 


76716 


5S6 


... 34 33 96 


...201 230056 


^001706485 


76790 


587 


3445^59 


202 262003 


•001703578 


76864 


588 


34 57 44 


203297472 


•001700680 


76938 


589 


... 346921 


...204336469 


-001697793 


77012 


590 


34 81 00 


205379000 


•001694915 


77085 


591 


349281 


206425071 


•001692047 


77159 


592 


...350464 


...207474688 


x>oi689i89 


77232 


593 


351649 


208 527 857 


•001686341 


77305 


594 


352836 


209584584 


•001683502 


77379 


595 


35 40 25 


210644875 


-001680672 


77452 



22 



No. 


Square. 


Cube. 


RedprocaL 


CLogr. 


59<5 


355216 


211 708 736 


•001677852 


77525 


597 


356409 


212776173 


•001675042 


77597 


598 


-. 357604 


...213847 192 


'001672241 


77670 


599 


358801 


214921799 


'oo 16 6944 9 


77743 


600 


36 00 00 


216000000 


•001666667 


77815 


60 T 


... 361201 


...217 081 801 


-001663894 


77887 


602 


362404 


218 167 208 


•0016611 Jo 


77960 


603 


36 36 09 


219256227 


•001658375 


78032 


604 


,..364816 


...220348864 


001655629 


78104 


605 


36 60 25 


221 445 125 


•001652893 


78176 


606 


367236 


222545016 


•001650165 


78247 


607 


... 368449 


...223648543 


-001647446 


78319 


608 


36 9^ 64 


224755712 


•001644737 


78390 


609 


370881 


225866529 


•001642036 


78462 


610 


... 37 21 00 


...226981 000 


-001639344 


78533 


611 


373321 


228099 131 


•001636661 


78604 


612 


37 45 44 


229220928 


•001633987 


78675 


613 


.-. 375769 


...230346397 


-001631321 


78746 


614 


37 69 9^ 


23M75 544 


-001628664 


78817 


615 


37 82 25 


232 608 375 


•301626016 


78888 


616 


... 379456 


...233744896 


001623377 


78958 


617 


38 06 89 


234885 113 


•001620746 


79029 


618 


381924 


236 029 032 


•OOI6I8I23 


79099 


619 


... 38 31 61 


...237176659 


-001615509 


79169 


620 


384400 


238 328 000 


•001 6 1 2903 


79239 


621 


385641 


239483061 


•001610306 


79309 


622 


... 386884 


...240641848 


-001607717 


79379 


623 


388129 


241804367 


•00 1 605 1 36 


79449 


624 


389376 


242970624 


•001602564 


79518 


625 


... 390625 


...244140625 


-001600000 


79588 


626 


391876 


245314376 


•001597444 


79657 


627 


393129 


246491883 


•001594896 


79727 


628 


... 394384 


...247673152 


-001592357 


79796 


629 


395641 


248858189 


•001589825 


79865 


630 


39 69 00 


250 047 000 


•001587302 


79934 


631 


... 3981 61 


...251 239591 


-001584786 


80003 


632 


399424 


252 435 968 


•001582278 


80072 


633 


400689 


253 636 137 


•001579779 


80140 


634 


... 401956 


...254840104 


'001577287 


80209 


635 


40 32 25 


256047875 


•001574803 


80277 


636 


40 44 96 


257 259 456 


•001572327 


80^46 


637 


... 405769 


...258474853 


-001569859 


80414 


63S 


407044 


259694072 


•001567398 


80482 


639 


408321 


260917 119 


•001564945 


80550 


640 


40 96 00 


262 144 000 


•001562500 


80618 



23 



No. 


Square. 


Cube. 


Reciprocal 


^So^B6 


641 


41 08 81 


263374721 


•001560062 


642 


41 21 64 


264 609 288 


•001557632 


80754 


<543 


... 413449 


...265847707 


-001555210 


......80821 


644 


41 47 36 


267 089 984 


•001552795 


80889 


645 


416025 


268336125 


•001550388 


80956 


646 


... 41 73 16 


...269586136 


-001547988 


......81023 


647 


41 8609 


270840023 


•001545595 


81090 


648 


419904 


272097792 


•OOI5432IO 


81158 


649 


... 42 1201 


...273359449 


-001540832 


81224 


650 


42 25 00 


274625060 


•001538462 


81291 


651 


42 38 01 


275894451 


•001536098 


81358 


652 


... 425104 


...277 167 808 


-001533742 


81425 


653 


42 64 09 


278445077 


•001531394 


81491 


654 


427716 


279726 264 


•001529052 


81558 


655 


... 429025 


...281 Oil 375 


-001526718 


81624 


656 


430336 


282300416 


•001524390 


81690 


657 


431649 


283 593 393 


•001522070 


81757 


658 


... 432964 


...284890312 


•001519757 


81823 


659 


434281 


286 191 179 


•OOI51745I 


81889 


660 


435600 


287 496 000 


•OOI515152 


81954 


661 


...436921 


...288804781 


-00x512859 


82020 


662 


438244 


290 117 528 


-001510574 


82086 


663 


43 95 69 


291 434 247 


•001508296 


82151 


664 


... 440896 


...292754944 


-001506024 


82217 


665 


442225 


294079625 


•001503759 


82282 


666 


443556 


295 408 296 


•00 1 50 1 502 


82347 


66^ 


..•444889 


...296740963 


-001499250 


82413 


668 


44 62 24 


298o77 632f 


•001497006 


82478 


669 


447561 


299418309 


•001494768 


82543 


670 


... 44 89 00 


...300763000 


-001492537 


82607 


671 


450241 


302 III 711 


•00 1 4903 1 3 


82672 


672 


451584 


303464448 


•001488095 


82737 


673 


... 45 29 29 


...304821 217 


-001485884 


82802 


674 


454276 


306 182024 


•001483680 


82866 


675 


45 56 25 


307546875 


•OOI481481 


82930 


676 


...456976 


...308915776 


-001479290 


82995 


677 


45 83 29 


310288733 


•001477 105 


83059 


678 


45 9^ 84 


3" 665752 


•001474926 


83123 


679 


... 46 10 41 


...313046839 


-001472754 


83187 


680 


46 2400 


314432000 


•001470588 


83251 


681 


463761 


.315821241 


-001468429 


83315 


682 


...465124 


...317 214568 


.......001466276 


83378 


683 


46 64 89 


318 611 987 


•OOI464I29 


83442 


684 


46 78 56 


320013504 


•00 1 46 1 988 


83506 


685 


46 92 25 


321 419 125 


•001459854 


83569 



24 



No. 


Square. 


Cube. 


Reciprocal 


83632 


686 


47 05 96 


322828856 


•001457726 


687 


471969 


324 242 703 


•001455604 


83696 


688 


... 47 33 44 


...325660672 


-001453488 


83759 


689 


47 47 21 


327 082,769 


•001451379 


83822 


690 


47 61 00 


328509000 


•001449275 


83885 


691 


...477481 


...329939371 


-001447178 


83948 


692 


478864 


331373888 


•001445087 


84011 


693 


48 02 49 


332812557 


•001443001 


84073 


694 


... 481636 


...334255384 


-001440922 


84136 


695 


483025 


335 702 375 


•001438849 


84198 


6g6 


48 44 16 


337153536 


•001436782 


84261 


697 


... 485809 


...338608873 


-001434720 


84323 


698 


487204 


340 068 392 


•001432665 


84386 


699 


48 86 01 


341532099 


•001430615 


84448 


700 


... 490000 


...343000000 


-001428571 


84510 


701 


49 14 01 


344472 lOI 


•001426534 


84572 


702 


49 28 04 


345948408 


•001 424501 


84634 


703 


...494209 


...347428927 


-001422475 


84696 


704 


49 56 16 


348913664 


•001420455 


84757 


705 


497025 


350402625 


•001418440 


84819 


706 


... 498436 


...351 895 816 


-001416431 


84880 


707 


49 98 49 


353 393 243 


•001414427 


84942 


708 


501264 


354894912 


•001412429 


85003 


709 


„. 502681 


...356400829 


^001410437 


85065 


710 


50 41 00 


357 911 000 


•OOI40845I 


85126 


711 


505521 


359 425 431 


•001406470 


85187 


712 


... 506944 


...360944128 


-001404494 


85248 


713 


508369 


362 467 097 


•001402525 


85309 


714 


509796 


363 994 344 


•001400560 


85370 


715 


... 51 12 25 


...365525875 


•001398601 


85431 


716 


512656 


367061 696 


•001396648 


85491 


717 


514089 


368 601 813 


•001394700 


85552 


718 


...515524 


...370146232 


-001392758 


85612 


719 


516961 


371694959 


1 •001390821 


85673 


720 


518400 


373 248 000 


•001388889 


85733 


721 


...51 98 41 


...374805361 


•ooi 386963 


85794 


722 


52 1284 


376367048 


•001385042 


85854 


723 


5227 29 


377933067 


•001383126 


85914 


724 


...524176 


—379503424 


-001381215 


85974 


725 


525625 


381 078 125 


•001379310 


86034 


726 


527076 


382657176 


•001377410 


86094 


727 


... 528529 


...384240583 


-001375516 


86153 


728 


529984 


385828352 


•001373626 


86213 


729 


53 14 41 


387420489 


•001371742 


86273 


730 


53 29 00 


389017000 


•001369863 


8633a 



25 



733 
734 
735 
736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 

747 
748 
749 
750 
751 
75a 
753 
754 
755 
756 
757 
758 

759 
760 
761 
76a 

763 
764 

765 
766 
767 
768 
769 
770 
771 
77a 
773 
774 
775 



Square. 

53 43 61 

53 58 24 
. 537289 

538756 

540225 

. 54 16 96 

54 31 69 
54 46 44 

. 546121 

54 76 00 
549081 

. 55 05 64 
552049 
553536 

. 555025 
556516 
558009 

. 55 95P4 
56 10 01 

56 25 00 
. 564001 

565504 

567009 

. 56 85 16 

570025 

57 15 36 
. 573049 

574564 

57 60 81 

. 577600 

57 91 21 

58 06 44 
. 5821 69 

58 36 96 
58 52 25 

. 58 67 56 
58 82 89 
58 98 24 

. 59 13 61 
592900 
594441 

. 59 59 84 
597529 
599076 
60 06 25 



Cube. 
390617891 
392 223 168 
.393832837 

395 446 904 
397 065 375 
.398688256 
400315553 
401 947 272 

.403583419 
405 224 000 

406869021 
.408518488 
410T72407 
411 830 784 
.413493625 
415 160 936 
416832723 
.418508992 
420189749 
421875000 

.423564751 

425 259 008 

426 957 777 
.428661064 

430368875 
432081 216 

.433798093 
435 519 512 

437 245 479 
.438976000 
440 711 081 
442 450 728 

.444194947 
445 943 744 
447697125 

.449455096 
451 217663 
452984832 

.454756609 
456533000 
458 314 on 

..460099648 
461 889917 
463 684 824 
465 484 375 



Reciprocal. 


CLog. 


•001367989 


86392 


•001366120 


86451 


-001364256 


865x0 


•OOT362398 


86570 


•001360544 


86629 


^00x358696 


86688 


•001356852 


86747 


•OOI355014 


86806 


-001353x80 


86864 


•OOI35135I 


86923 


•00X349528 


86982 


-001347709 


87040 


•001345895 


87099 


•001344086 


87157 


*OOI342282 


872x6 


•001340483 


87274 


•001338688 


87332 


-00x336898 


87390 


•OOI335II3 


87448 


•00x333333 


87506 


— -00x33x558 


87564 


•001329787 


87622 


•00 X 3 2802 X 


87679 


-00x326260 


87737 


•00x324503 


87795 


•00x322751 


87852 


-00132x004 


879x0 


-OOX3X926X 


87967 


•0013x7523 


88024 


-00x3x5789 


8808X 


•00x3x4060 


88x38 


•00x3x2336 


88195 


-00x3x06x6 


88252 


•00x308901 


88309 


•00x307x90 


88366 


-001305483 


88423 


•OOX30378X 


88480 


•00x302083 


88536 


^00x300390 


88593 


•001 298701 


88649 


•00x2970x7 


88705 


-00x295337 


88762 


•00x293661 


888x8 


•00x29x990 


88874 


•00x290323 


88930 



26 



No. 


Square. 


Cube. 


Reciprocal 


C Log. 


776 


0021 76 


467288576 


•001288660 


88986 


777 


603729 


469097433 


•001 287001 


89042 


778 


... 605284 


...470910952 


-001285347 


89098 


779 


606841 


472729139 


•001283697 


89154 


780 


60 84 00 


474 552 000 


•001 28205 1 


89209 


781 


... 609961 


...476379541 


•001280410 


89265 


782 


61 1524 


478 211 768 


•001278772 


89321 


783 


613089 


480 048 687 


'OOI277139 


89376 


784 


... 614656 


...481890304 


-001275510 


89432 


785 


61 62 25 


483736625 


•001273885 


89487 


786 


617796 


485587656 


•001272265 


89542 


787 


... 619369 


...487443403 


•ooi 270648 


89597 


788 


620944 


489303872 


•001269036 


89653 


789 


622521 


491 169069 


•001267427 


89708 


790 


... 624100 


...493039000 


-001265823 


89763 


791 


625681 


494913671 


•001264223 


89818 


792 


627264 


496793088 


•001262626 


89873 


793 


... 628849 


...498677257 


^001261034 


89927 


794 


63 04 36 


500566184 


•001259446 


89982 


795 


632025 


502459875 


•001257862 


90037 


796 


... 633616 


...504358336 


...... -OOI 256281 


90091 


797 


635209 


506261573 


•001254705 


90146 


798 


63 68 04 


508 169592 


•001253133 


90200 


799 


... 638401 


...510082399 


-001251564 


90255 


800 


64 00 00 


512000000 


•001250000 


90309 


801 


64 1601 


513922401 


•001248439 


90363 


802 


... 643204 


...515849608 


•OOI 246883 


90417 


803 


64 48 09 


517781627 


'OOI245330 


90472 


804 


646416 


519718464 


•OOI24378I 


90526 


805 


... 648025 


...521 660 125 


•001242236 


90580 


806 


649636 


523606616 


•001240695 


90634 


807 


651249 


525557943 


•001239157 


90687 


808 


... 65 28 64 


•..527 5H 112 


^001237624 


90741 


809 


654481 


529475129 


•001236094 


90795 


810 


656100 


531 441 000 


•001234568 


90849 


8ti 


...657721 


-533411731 


^001233046 


90902 


812 


^5 93 44 


535387328 


•001231527 


90956 


813 


66 09 69 


537 367 797 


•001230012 


91009 


814 


... 662596 


-539353144 


•OOI22850I 


91062 


815 


66 42 25 


541343375 


•001226994 


9II16 


816 


665856 


543 338 496 


•001225490 


91169 


817 


... 667489 


-545338513 


^001223990 


91222 


818 


6691 24 


547 343 432 


•001222494 


91275 


819 


67 07 61 


549353259 


•OOI22I001 


91328 


820 


67 24 00 


551368000 


•OOI2I9512 


91381 



27 



No. 


Square. 


Cube 


Reciprocal. 


C. Log. 


821 


674041 


553 387 661 


•001218027 


91434 


833 


675684 


555412248 


•001216545 


91487 


833 


... 677329 


...557441767 


'001215067 


91540 


824 


678976 


559476224 


•OOI2I3592 


91593 


825 


68 06 25 


561515625 


•001212121 


91645 


836 


... 682276 


•..563559976 


'001210654 


91698 


837 


68 39 29 


565 609 283 


•001209190 


9175^ 


828 


685584 


567663552 


•001207729 


91803 


829 


... 687241 


...569722789 


'001206273 


91855 


830 


68 89 00 


571787000 


'OOI204819 


91908 


831 


690561 


573 856 191 


•001203369 ' 


91960 


832 


... 6922 24 


...575930368 


'00X201923 


92012 


833 


69 38 89 


578009537 


•001200480 


92065 


834 


695556 


580093704' 


'00 11 9904 1 


92117 


835 


... 697225 


...582182875 


'OOII97605 


92169 


836 


69 88 g6 


584277056 


•001196172 


92221 


m 


700569 


586376253 


•001194743 


92273 


838 


... 702244 


...58«48o472 


-001193317 


92324 


839 


703921 


590589719 


'001 191895 


92376 


840 


70 56 00 


592704000 


•001 190476 


92428 


841 


... 707281 


...594823321 


'OOII89061 


92480 


842 


708964 


596 947 688 


•001187648 


9253^ 


843 


710649 


599077107 


'ooi 186240 


92583 


844 


... 712336 


...601 211 584 


-001184834 


92634 


845 


714025 


60335^125 


'OOI 183432 


92686 


846 


7157 16 


605 495 736 


•001182033 


92737 


847 


... 717409 


...607645423 


-001180638 


92788 


848 


71 91 04 


609800 192 


•001179245 


92840 


849 


720801 


611 960049 


•001177856 


92891 


850 


... 722500 


...614 125000 


'OOI17647I 


92942 


851 


724201 


616295051 


'OOI 175088 


92993 


853 


725904 


618470208 


'OOII73709 


93044 


853 


... 727609 


...620650477 


-001172333 


93095 


854 


729316 


622835864 


'001 170960 


93 m6 


855 


731025 


625026375 


'001I6959I 


93197 


856 


..• 732736 


...627 222016 


'001168224 


93247 


857 


7344 49 


629422793 


'OOI 166861 


93298 


858 


736164 


631 628712 


•OOII6550I 


93349 


859 


... 737881 


..•633839779 


'OOII64144 


93399 


860 


739600 


636 056 000 


•001162791 


93450 


861 


741321 


638 277 381 


'OOI 161440 


93500 


862 


... 743044 


...640503928 


'OOII60093 


93551 


863 


744769 


642 735 647 


'001 158749 


93601 


864 


746496 


644972544 


•001157407 


93651 


865 


748225 


647214625 


•OOI 156069 


93702 



28 



No. 


Square 


Cube. 




CLog. 


866 


749956 


649 461 896 


•001154734 


93752 


867 


751689 


651 714 363 


•001153403 


93802 


868 


...753424 


...653972032 


-001152074 


93852 


869 


75 51 61 


656 234 909 


•001150748 


93902 


870 


756900 


658 503 000 


•001149425 


93952 


871 


...758641 


...660776 311 


•001148106 


94002 


872 


760384 


663 054 848 


•00 1 1 467 89 


94052 


873 


7621 29 


665338617 


•001145475 


94101 


874 


... 763876 


...667627 624 


-001144165 


94151 


875 


765625 


669921875 


•001142857 


94201 


876 


767376 


672 221 376 


•001141553 


94250 


877 


... 7691 29 


...674526133 


-001140251 


94300 


878 


770884 


676836152 


•00113:8952 


94349 


879 


772641 


679 151 439 


•001137656 


94399 


880 


... 774400 


...681 472000 


-0011^6364 


94448 


881 


7761 61 


683797841 


•001135074 


94498 


882 


777924 


686128968 


•001133787 


94547 


883 


...779689 


...688465387 


001132503 


94596 


884 


781456 


690807 104 


•001131222 


94645 


885 


783225 


693 154 125 


•001129944 


94694 


886 


... 784996 


...695506456 


-001128668 


94743 


887 


78 67 69 


697 864 103 


•001127396 


94792 


888 


788544 


700227072 


•001126126 


94841 


889 


... 790321 


...702595369 


^001124859 


94890 


890 


7921 00 


704 969 000 


•001123596 


SH939 


891 


793881 


707347971 


•001122334 


' 94988 


892 


... 795664 


...709732288 


•001121076 


95036 


893 


79 74 49 


712 121 957 


•001 1 19821 


95085 


894 


79 92 36 


714516984 


•001118568 


95134 


895 


... 801025 


...716917375 


-001117318 


95182 


896 


80 28 16 


719323136 


•001116071 


95231 


897 


804609 


721734273 


•001114827 


95279 


898 


... 806404 


...724150792 


-001113585 


95328 


899 


808201 


726572699 


•001112347 


95376 


900 


81 0000 


729000000 


•001 111 11 1 


1 95424 


901 


... 81 18 01 


...731432701 


-001109878 


95472 


902 


81 36 04 


733870808 


•001108647 


95521 


903 


815409 


736314327 


•001107420 


95569 


904 


... 81 72 16 


...738763264 


-001106195 


.95617 


905 


819025 


741217625 


•001104972 


95665 


906 


820836 


743677416 


•001103753 


95713 


907 


... 822649 


...746142643 


-001102536 


95761 


908 


82 44 64 


7486133:12 


•001101322 


95809 


909 


826281 


751089429 


•001 1001 10 


95856 


910 


82 81 00 


753571000 


•DO1098901 


95904 



29 



No. 


Sqtiare. 


Cube. 


Reciprocal. 


CLojr. 


911 


829921 


756058031 


•00109769s 


9595^ 


912 


83 17 44 


758550528 


•00 1 09649 1 


95999 


9^3 


... 833569 


...761048497 


-001095290 


96047 


914 


835396 


763551944 


'OO 1 09409 2 


96095 


915 


837225 


766060875 


•001092896 


96142 


916 


... 839056 


...768575296 


-001091703 


96190 


917 


84 08 89 


771 095 213 


-001090513 


96237 


918 


842724 


773620632 


•001089325 


96284 


919 


... 844561 


-776 151 559 


-001088139 


96332 


920 


846400 


778688000 


•001086957 


96379 


921 


848241 


781 229961 


•001085776 


96426 


922 


... 850084 


...783777448 


-001084599 


96473 


923 


851929 


786330467 


•001083424 


96520 


924 


85 37 76 


788889024 


•OOIO8225I 


96567 


925 


...855625 


...791453125 


'001081081 


96614 


926 


857476 


794022776 


•00107 9914 


96661 


927 


85 93 29 


796 597 983 


•001078749 


96708 


928 


... 86 II 84 


...799178752 


-001077586 


96755 


929 


863041 


801 765089 


•001076426 


96802 


930 


86 49 00 


^04 357 000 


•001075269 


96848 


931 


... 866761 


...806954491 


-001074114 


96895 


93^ 


86 86 24 


^09557568 


•OOIO72961 


96942 


933 


87 04 89 


812 166237 


•OOIO7181I 


96988 


934 


... 872356 


...814780504 


-001070664 


97035 


935 


87 42 25 


817400375 


•00 1 0695 1 9 


97081 


936 


87 60 g6 


820025856 


•001068376 


97128 


937 


...877969 


...822656953 


-001067236 


97174 


938 


879844 


825293672 


•001066098 


97220 


939 


88 17 21 


827936019 


•001064963 


97267 


940 


... 883600 


...830584000 


-001063830 


97313 


941 


885481 


833237621 


•001062699 


97359 


942 


887364 


835 896 888 


•00106 157 1 


97405 


943 


... 889249 


...838561807 


-OOT060445 


97451 


944 


89 II 36 


841232384 


-001059322 


97497 


945 


893025 


843 908 625 


-00 1058 20 1 


97543 


946 


... 894916 


...846590,536 


'OOIO57082 


97589 


947 


89 68 09 


849278 123 


•001055966 


97635 


948 


8987 04 


851 971 392 


•001054852 


9768T 


949 


... 900601 


...854670349 


-001053741 


97727 


950 


90 25 00 


857375000 


-001052632 


97772 


951 


90 44 01 


860085351 


•OOIO51525 


97818 


952 


... 906304 


...862801408 


-001050420 


97864 


953 


90 82 09 


865523177 


-001049318 


97909 


954 


91 01 16 


868 250 664 


•0010482 1 8 


97955 


955 


91 2025 


870983875 


•001047 1 20 


98000 
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No. 


Square. 


Cube. 




CLog. 


956 


913936 


873722816 


•001046025 


98046 


957 


915849 


876 467 493 


•001044932 


98091 


958 


... 9^17^4 


...879317 912 


-001043841 


98137 


959 


91 9681 


881974079 


•001042753 


98182 


960 


92 16 00 


884 736 000 


•001041667 


98227 


961 


... 923521 


...887503681 


-001040583 


98272 


962 


92 54 44 


890277 128 


•001039501 


98318 


963 


927369 


893056347 


•00T038422 


98363 


964 


... 929296 


...895841344 


-001037344 


98408 


9^5 


931225 


898632125 


•001036269 


98453 


g66 


93 31 5^ 


901 428 696 


•00 1035 1 97 


98498 


967 


... 93 90 89 


...904231063 


•001034126 


98543 


968 


93 70 24 


907 039 232 


•001033058 


98588 


969 


938961 


909853209 


•001031992 


98632 


970 


... 940900 


...912673000 


^001030928 


98677 


971 


94 28 41 


915 498 611 


•001029866 


98722 


972 


94 47 84 


918 330 048 


•00 T 028807 


98767 


973 


... 94 67 29 


...921 167 317 


^001027749 


988II 


974 


948676 


924010424 


•001026694 


98856 


975 


950625 


926859375 


•OOIO2564I 


9890Q 


976 


... 952576 


...929 714 176 


•001024590 


98945 


977 


95 45 29 


932574833 


•OOIO2354I 


98989 


978 


956484 


935441352 


•001022495 


99034 


979 


... 958441 


...9383^3739 


•OOIO2I45O 


99078 


980 


96 04 00 


941 192000 


'oo 1 020408 


99123 


981 


96 2361 


944 076 141 


•OOIOI9368 


99167 


982 


... 964324 


• ..946 966 168 


-001018330 


99211 


983 


96 62 89 


949862087 


•OOIOI7294 


99255 


984 


g6 82 56 


952 763 904 


•OOIOI6260 


99300 


985 


... 97 02 25 


...955671625 


'001015228 


99344 


986 


97 21 96 


958 585 256 


•OOI014I99 


99388 


987 


97 41 69 


961504803 


•OOIOI3I7I 


99432 


988 


... 97 61 44 


...964430272 


•OOIOI2I46 


99476 


989 


9781 21 


967 361 669 


•OOIOIII22 


99520 


990 


98 01 00 


970 299 000 


•OOIOIOIOI 


99564 


991 


... 982081 


...973242271 


'001009082 


99607 


992 


98 40 64 


976 T9I 488 


•001008065 


99651 


993 


98 60 49 


979146657 


•001007049 


99695 


994 


... 988036 


...982 107 784 


'001006036 


997.39 


995 


99 00 25 


985074875 


•001005025 


99782 


996 


99 20 16 


988 047 936 


•00 1 0040 1 6 


99826 


997 


... 994009 


...991026973 


-001003009 


99870 


998 


99 6004 


994 Oil 992 


•001002004 


99913 


999 


99 8001 


997 002 999 


•OOIOOIOOI 


99957 


1000 


...100 00 00 


...1000 000 000 


'OOIOOOOOO 


00000 
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Table 1 a. — ^Appboximate Squabe and Cube 
Becipbocals of Pbime Numbebs fbom 2 



Na Square Root. Cube Root. 

2 1*4142136 1*2599210 

3 17320508 1-4422496 

5 22360680 17099759 

7 2-6457513 1-9129312 

II 3-3166248 2*2239801 

13 3'6o555i3 2-3513347 

17 4*1231056 2*5712816 

19 4*3588989 2*6684016 

23 47958315 28438670 

29 53851648 3*0723168 

31 56^11^44 3-1413806 

37 6-0827625 3-3322218 

41 6-4031242 3*4482172 

43 <5*5574385 3-5033981 

47 68556546 3*6088261 

53 7*2801099 37562858 

59 76811457 3*8929965 

61 7-8102497 3*9364972 

67 8-1853528 4-0615480 

71 8*4261498 41408178 



73 8-5440037 41793392 

79 8*8881944 4-2908404 

83 9-1104336 4*3620707 

89 9'43398ii 4-4647451 

93 9*6436508 4*5306549 

97 9*8488578 4*5947009 



Boots and 
TO 97. 

Reciprocal. 
0-500000000 

•333333333 

* 200000000 

•142857 143 
'O9090909I 
•076923077 
•058823529 
•052631579 
•043478261 
•034482759 
•032258065 
•027027027 

•024390244 
•023255814 
-021276600 
•018867925* 
-O16949153 
•016393443 
•014925373 
•014084507 
•013698630 
•012658228 

•01 2048 193 

•01 1 235955 
-010752688 
•010309278 
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TABLE OF SQUARES 


AND PIFTH POWERS. 




Sqaare. 


Fifth Power. 




Sqaan. 


Fifth Power. 


lO 


I 00 


I 00000 


55 


3025 


5032 84375 


II 


I 21 


I 61051 


56 


3136 


5507 31776 


12 


144 


2 48832 


57 


3249 


6016 92057 


13 


I 69 


371293 


58 


3364 


6563 56768 


14 


I 96 


5 37824 


59 


3481 


714924299 


15 


225 


7 59375 


60 


3600 


7776 00000 


16 


256 


10 48576 


61 


3721 


8445 96301 


17 


289 


14 19857 


62 


3844 


9161 32832 


18 


324 


18 89568 


63 


3969 


9924 36543 


19 


361 


2476099 


64 


4096 


10737 41824 


20 


400 


32 00000 


65 


4225 


I1602 90625 


21 


441 


4084101 


66 


4356 


12523 32576 


22 


484 


5153632 


67 


4489 


1350I 25107 


23 


529 


6436343 


68 


4624 


14539 33568 


24 


576 


7962624 


69 


4761 


15640 31349 


25 


625 


97 65625 


70 


4900 


16807 00000 


26 


676 


118 81376 


71 


5041 


18042 29351 


27 


729 


143 48907 


72 


5184 


19349 17632 


28 


784 


172 10368 


73 


5329 


2073071593 


29 


841 


205 1 1 149 


74 


5476 


2219006624 


30 


900 


243 00000 


75 


5625 


23730 46875 


31 


961 


286 29151 


76 


5776 


25355 25376 


32 


TO 24 


335 54432 


77 


5929 


27067 84157 


33 


1089 


391 35393 


78 


6084 


2887174368 


34 


II 56 


454 35424 


79 


6241 


30770 56399 


35 


1225 


52521875 


80 


6400 


32768 00000 


36 


12 g6 


60466176 


81 


6561 


34867 84401 


37 


1369 


693 43957 


82 


6724 


37073 98439 


38 


1444 


79235168 


83 


6889 


39390 40643 


39 


15 21 


902 24199 


84 


7056 


41821 19424 


40 


1600 


1024 00000 


85 


7225 


4437053125 


41 


16 81 


1158 56201 


86 


7396 


47042 70176 


42 


1764 


1306 91232 


87 


7569 


49842 09207 


43 


1849 


147008443 


88 


77 44 


52773 19168 


44 


1936 


1649 16224 


89 


7921 


55840 59449 


45 


2025 


1845 28125 


90 


8100 


59049 00000 


46 


21 16 


2059 62976 


91 


8281 


62403 21451 


47 


22 09 


2293 45007 


92 


8464 


65908 15232 


48 


2304 


2548 03968 


93 


8649 


69568 83693 


49 


2401 


2824 75249 


94 


8836 


73390 40224 


50 


2500 


312500000 


95 


9025 


7737809375 


51 


2601 


3450 25251 


96 


92 16 


81537 26976 


52 


2704 


3802 04032 


91 


9409 


85873 40257 


53 


2809 


4181 95493 


98 


9604 


90392 07968 


54 


29 16 


4591 65024 


99 


9801 


9509900499 
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Table 2 a.— Pbime Faotobs of Numbers up to 256. 
(Numbers without Factora are themselyeB Prime.) 



a 




42 = 


= 2-37 


84 = 


= 2'4I 


3 




43 




83 




4 = 


= 2" 


44 


2*-II 


84. 


32-37 


5 




45 


3'-5 


85 


517 


6 


23 


46 


223 


86. 


243 


7 




47 




87 


329 


8 


2» 


48 


2*3 


88 


23-11 


9 


3» 


49 


7*- 


89 




lo 


25 


50 


2-52 


90 


2-3*-5 


u 




51: 


3;J7 


91 


713 


12 


2?-3 


52 


32-13 ; 


92 


22-33 


13 




53 




93 


331 


H 


27 


54 


■ 2-3» 


94. 


2-47 


15 


35 


55 


5" 


95 


5-19 


i6 


2* 


56 


2S7 


96 


36.3 . 


17 




• 57 


319 


gi- 


i 


i8 


2-3* 


58 


2-29 


gs 


272 


19 




59'- 




99 


3*" 


20 


2«-5 


60 


22-3-5 


100 


22-52 


31 


37 


61 




lOI 




22 


2.-1I 


62 


231 


102- 


2-3-17 


23 




63 


•3^-7 


103 




24 


2*3 


64. 


2« 


104 


2«-I3 


25 


5^ 


<5S 


513 


' 105 


3-57 


26 . 


213 


66 


2-3-II 


106. 


2'53 


27 


3" 


67- 


.■ 


107 




28 


22-7 


68 


2*17 


108 


22-3» ; 


39 




69 


3*^3 


109 




30 


2-3-5 


70 


2-57 


up 


2^5" 


3^ 




71 ■ 




III 


3-37 


3» 


26 


72 


2832 


112 • 


2*-7 


33 


3" 


73 




"3 




34 


217 


74 


237 


114 


2-319 


35 


5-7 


75 


3-5* 


115 . 


5'23 


36 


22.32 


76 


2*- J 9 


n6 


2?-29 


37 




77 


7-II 


117 


3''i3' 


38 


2*19 


78 


3.3.^3 


118 


2-59 


39 


313 


79 




"9 


7-17 


40 


23-5 


80 


2*5 


120 , 


2?-3-5 


41 




81 


3* 

D 


121 


Il2 
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mniBEBS AHD FIGT7XES. 



122 = 


= 2-6i 


167 




212 = 


= 22.53 


123 


3-41 


168 = 


= 28.3.7 


213 


371 


124 


22.31 


169 


132 


214 


2-107 


125 


5^ 


170 


2-5-I7 


215 


5'43 


126 


2-3'7 


171 


32.19 


216 


23.33 


127 




172 


22.43 


217 


7-31 


128 


27 


173 




2l8 


2-109 


129 


3 43 


174 


2-3.29 


219 


373 


130 


2-5I3 


175 


5^7 


220 


22.511 


131 




176 


2**II 


221 


1317 


132 


22-3II 


177 


3*59 


222 


2 '3 37 


133 


719 


178 


2-89 


223 




134 


2*67 


179 




224 


2^-7 


135 


3^5 


180 


22.32.5 


225 


3^-5^ 


136 


23.17 


181 




226 


2-113 


137 




182 


2713 


227 




138 


2-3-23 


183 


3-61 


228 


22-3I9 


139 




184 


23-23 


229 




140 


22.5.7 


185 


5*37 


230 


2 5 23 


141 


347 


186 


2.3.31 


231 


37-it 


142 


271 


187 


11-17 


232 


2*29 


M3 


1113 


188 


22.47 


233 




144 


24.32 


189 


3^7 


234 


2.32.13 


145 


5-29 


190 


2-519 


235 


S-47 


146 


273 


191 




236 


22-59 


147 


37^ 


192 


26.3 


237 


379 


148 


22.37 


193 




238 


2-7-17 


149 




194 


2-97 


239 




150 


2 -3 5^ 


195 


K^V 


240 


2*-3S 


15^ 




196 


22-72 


241 




152 


23-19 


197 




242 


2-Il2 


153 


3^17 


198 


2-32.11 


243 


3^ 


154 


27-11 


199 




244 


2«-6t 


155 


5*31 


200 


23.52 


245 


57* 


156 


22.313 


201 


367 


246 


2-3-4I 


157 




202 


2101 


247 


1319 


158 


279 


203 


7-29 


248 


28-391 


159 


353 


204 


22.3.17 


249 


3-83 


160 


25.5 


205 


5-41 


250 


2-58 


161 


7.23 


206 


2-103 


251 




162 


23* 


207 


3^23 


252 


22.32.7 


163 




208 


2^-13 


253 


11-23 


164 


22.41 


209 


11-19 


254 


2-127 


165 


3-5" 


210 


2-3'57 


255 


3-5I7 


j66 


2-83 


211 




256 


28. 
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Tablbs 3 AND 3 A— Hyperbolic, Naper[an, or 
Natural Logarithms. 

1. Table 3 gives the hyperbolic logarithms of integer numbers 
from 1 to 100. To find the hyperbolic logarithm of an integer 
number consisting of not more than two significant figures followed 
by noughts; take the hyperbolic logarithm corresponding to the 
significant figures, and add to it the product of the hyperbolic 
logarithm of 10 by the number of noughts (this may be found by 
the aid of the second column of Table 3 a). For example, to find 
the hyperbolic logarithm of 3700 ; 

Hyp. log. 37, 3-61092 

'S X Hyp. log. 10, 4'60517 

Hyp. log. 3700, 8-21609 

Note. — Multiples of the hyperbolic logarithm of 10 may be taken 
from the second column of Table 3 A. 

2. The hyperbolic logarithm of the product of two numbers is 
the sum of their hyperbolic logarithms. For example. 

Hyp. log. 74, 4-30407 

Hyp. log. 50, 3-9120 2 

Hyp. log. 3700, 8-2ltJ09 

3. To find the hyperbolic logarithm of a decimal fraction contain- 
ing not more than two significant figures ; take from the table the 
hyperbolic logarithm corresponding to those figures, and take the 
difference between it and as many times the hyperbolic logarithm 
of 10 as there are places of decimals. That difference will be the 
required logarithm, and will be positive or negative according as 
the fraction is gi-eater or less than 1, For example. 

Hyp. log. 37, 3-61092 

Hyp. log. 10, 2-30259 

Hyp. log. 3-7, + i - 30833 

Hyp. log. 37, 3-61092 

3 X Hyp. log. 10, 6-90776 

Hyp. log. 0-037, - 3-29684 

In such examples as the last, the fractional as well as the integral 
part of the hyperbolic logarithm is negative. 

4. Examples of the use of Table 3 a. 

I. To find the hyperbolic logarithm of 377 from its common 
logarithm; 
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2*57634, common logarithm. 

, 2.. 4-605170 

5 M51293 

7 161181 

6 13816 

3 691 

4 9 2 

Sum, 5-932243 

The required hyperbolic logarithm is thus found to be 5-93224, 
correct to five places of decimals; the sixth being rejected as liable 
to error. 

II. To find the common logarithm corresponding to the hyper- 
bolic logarithm 5-93224; 

5- 2-171472 

9 : 390865 

3 13029 

2 869 

2. 87 

4 : 17 

2-576339 

from which, rejecting the last place of figures as liable to error, the 
required common logarithm is found to be 2-57634. 

5. To calculate the hyperbolic logarithm of the ratio of two 
numbers without logarithmic tables; divide the difference of the 
numbers by their sum ; then add together twice the quotient, two- 
thirds of its cube, two-fifths of its fifth power, two-sevenths of its 
seventh power, and so on, until the required degi-ee of accuracy has 
been attained; the result of the summation will be the required 
hyperbolic logarithm. 

Example.— Required the hyperbolic logarithm of ^. 

Difference, 7 _ ,0093708 quotient, correct to the seventh place 
Sum, 747 .1 ^ 1 

of decimals. 

Quotient, -0093708 X 2 = ..-0187416 

2 
Cube, -0000009 X ^ == -0000006 

Hyp. log. of o^j correct to the seventh place of decimals, -0187422 

jq-QTE. This pi-ocess may be used in finding hyperbolic log- 
arithms- of numbers, not in. the. table. For example, to find the 
hyperbolic logarithm of 377, we have 
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hyp, log. 370, 5-91350 

377 
Hyp. log. oyTy already calculated, 0-01874 

Hyp. log. 377, '5-93224 

G. To find the arUilogarithm (or natuml number^ corresponding 
to a given positive hyperbolic logarithm by calculation, without 
using logarithmic tables ; take the sum of the following series, to as 
many terms as may be necessary in order to give the required 
degree of accuracy; 

First term = 1. 

Second term = The given hyp. log. 

Third term = second term X g^^^^ TV- ^g- . 
Fourth term = third term y^ ^I^!^J}mj£S: . 

Fifth term = fourth term X gl^BJ/P- %•; 

4 

and so on. 

The accuracy of this process is the greater the smaller the given 
hyperbolic logarithm. 

ExAMPLR — To calculate the hyperbolic antilogarithm of 1 (in 
other words, the number whose hyperbolic logarithm is 1) to 
8even places of decimals ; 

lat term, 1-0000000 



2d 


99 


. .. < 




...1-0000000 


3d , 


99 


x= 


2d X i 


0-5000000 


4th 


9> 


r= 


3d X 1 


01666667 


6th 


99 


= 


4th X i 


0-0416667 


6th 


» 


= 


5th X t 


00083333 


7th 


99 


= 


6th X I 


0-0013889 


8th 


>9 


= 


7th X f 


00001984 


9th 


99 


■ = 


8th X i 


0-0000248 


IQth 


99 


= 


9th X i 


0-0000027 


nth 


» 


= 


10th X tV 


0-0000003 



Hyperbolic antilogarithm of 1 = 27182818 

This number is called the hose of the Naperian LogarUhmSy and 
denoted in algebra by the symbol e or & 
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Table 3. — Hyperbolic Logarithms. 

Na Hyp. Log. Na Hyp. Log. Na Hyi>. Log. 



Na Hyp. Log. 



I 


-00000 


26 


3-25810 


51 


3-93183 


76 


4-33073 


2 


069315 


27 


329584 


52 


3-95^24 


77 


4-34381 


3 


1*09861 


28 


333220 


53 


397029 


78 


4-3567* 


4 


I 38629 


29 


336730 


54 


3-9^898 


79 


4-36945 


5 


160944 


30 


3-40120 


^^ 


4-00733 


80 


4*38203 


6 


I79I76 


31 


343399 


56 


402535 


81 


439445 


1 


1-94591 


32 


346574 


57 


4-04305 


82 


4*40672 


8 


207944 


33 


3-49651 


58 


4*06044 


83 


4-41884 


9 


2*19722 


34 


3*52636 


59 


4-07754 


84 


4*43082 


lO 


230259 


35 


355535 


60 


4-09434 


85 


4*44265 


II 


239790 


36 


358352 


61 


4*11087 


86 


4-45435 


12 


2-48491 


37 


3-61092 


62 


4*12713 


87 


4*46591 


13 


256495 


3B 


363759 


63 


4-14313 


88 


4-47734 


14 


2*63906 


39 


366356 


64 


4-15888 


89 


4-48864 


15 


2-70805 


40 


3*68888 


65 


•4-17439 


90 


4*49981 


16 


277259 


41 


371357 


66 


4-18965 


91 


4*51086 


17 


2-83321 


42 


373767 


67 


4*20469 


92 


452179 


18 


289037 


43 


3-76120 


68 


4*21951 


93 


4*53260 


19 


294444 


44 


378419 


69 


4*23411 


94 


4-54329 


20 


2-99573 


45 


3-80666 


70 


4*24850 


9^ 


4-55388 


21 


304452 


46 


382864 


71 


4*26268 


g6 


4-56435 


22 


309104 


47 


3-85015 


72 


4*27667 


91 


4*57471 


23 


313549 


48 


3*87120 


73 


4-29046 


98 


4-58497 


24 


3*17805 


49 


3-89182 


74 


4-30407 


99 


4-59512 


25 


3*2i888 


50 


3-91202 


75 


4-3^749 


100 


4-60517 



Hyp. log. 10, correct to eight places of decimals, = 2* 30258509. 



Table 3 a. — ^Multipliers for Converting Logarithms. 



Common into Hyperbolia 


Hyperbolie into Common. 


I 2302585 


0*434294 I 


2 4605170 


0-868589 2 


3 6-907755 


1*302883 3 


4 9-210340 


I737178 4 


5 11-512925 


2-171472 5 


6 13*815510 


2-605767 6 


7 16*118096 


3-040061 7 


8 18-420681 


3-474356 8 


9 20-723266 


3*908650 9 


10 23*025851 


4342945 10 
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Table 4. — Multipliers fob the Conyersion of Cibculab 
Lengths and Arba& 





A.— drcomferencM 




C— Olrcumferenoef 


1 D.-BadluB-LengfhB 




into 


into 


into 


into 






Diameters. 


CircmifersnoeB. 


Badins-Lengtfaai 


Oircumferenoea 




T 


31416 


0-31831 


6-2832 


0-15916 


I 


2 


6-2832 


0-63662 


12-5664 


031831 


2 


3 


9-4248 


095493 


18*8496 


0-47747 


, 3 


4 


12-5664 


1-27324 


25-1327 


0-63662 


A 


5 


15-7080 


1-59155 


31-4159 


079578 


5 


6 


18-8496 


I 90986 


37-6991 


0-95493 


6 


1 


21-9911 


2-22817 


43-9823 


111409 


7 


8 


251327 


2-54648 


50-2655 


1-27324 


8 


9 


28-2743 


2-86479 


56-5487 


1-43240 


9 


lO 


31-4159 


3183IO 


62-8319 


1-59155 


10 




E.— OircularAreM P.— Square Areas 


G.— Degrees 


H.-BadinB>Length8 






into 


into 


into 


into 






Square Areas. 


Cireolar Areas. 


BadiuB-Lengths. 


Degrees. 




I 


07854 


1-2732 


0-0174533 


572958 


I 


2 


15708 


2-5465 


0-0349066 


114-59x6 


2 


3 


2-3562 


3-8197 


00523599 


171-8873 


3 


4 


31416 


5-0930 


0-0698132 


229-1831 


4 


5 


39270 


63662 


00872665 


286-4789 


5 


6 


4-7124 


7-6394 


0*1047197 


3437747 


6 


7 


. 5-4978 


8-9127 


0*1221730 


, 401*0705 


. 7 


'8 


62832 


IO1859 


0*1396263 


4583662 


8 


9 


7-0686 


11-4592 • 


0*1570796 


515*6620 


9 


lO 


7-8540 


127324 


0-1745329 


5729578 


10 




L-lOnntes K 


.— BadioB-Xiengttis 




M.— Badius-Lengths 




into 


into 


into 


into 






BadioB-LengfhB. 


Minutes. 


Badius-Lengths. 


Seconds. 




I 


0-000291 


343775 


0*000005 


206265 


I 


2 


0-000582 


687550 


o-ooooio 


412530 


2 


3 


0-000873 


10313-24 


0-000015 


618794 


3 


4 


0*001164 


13750-99 


0-000019 


825059 


4 


5 


0-001454 


1718874 


0-000024 


IO31324 


5 


6 


0-001745 


20626*48 


0-000029 


1237589 


6 


7 


0-002036 


24064*23 


0*000034 


1443854 


7 


8 


0-002327 


27501*97 


0-000039 


1650I18 


8 


9 


0-002618 


3093972 


0*000044 


1856383 


9 


lO 


0-002909 


34377*47 


0*000048 


2062648 


10 


20 


©'005818 




0000097 




20 


30 


0-008727 




0*000145 




30 


40 


o-oii636 




0*000194 




40 


50 


0014544 




0-000242 




50 
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Examples op the Use op Table 4. 

I. What is the circumference of a circle whose diameter is 113 
inches? From division A of the table, we have the following : — 

100 314-16 

10 31416 

_3.... 9-4248 

113 Sum, 355-0008 

The answer is 355 inches; the fourth and third places of 
decimals being rejected as beyond the limits of exactness of 
.the table. 

II. What is the i^ius of a circle whose circumference is 710 
: inches? From division B of the table, we have the following : — ^ 

• 700..; \ ..;......lll-409 

10.., : 1-5916 

710 Sum, 113-0006 

The answer is- 113 inches; the fourth place of decimals being 
rejected as beyond the limits of the exactness of the table. 
^ III.: What, is the larea in square inches of a circle of 8 inches 
diameter? Square of 8 = 64 = area in circular indies. Then, by 
^-division E of the table, . 

60 ^..47124 

4 3-1416 

Area in sqtw/re inches {to five figures (ffdy), 50'2,QQ 

lY. . What is the diameter of a circle whose area is 5027 square 
Riches? From division F of the table we have 

,5000..... i.. 6366-2 

20 25-^^5 

7 8-9127 . 

Area in circvla/r inches {to five figures only), 6400*6 

the square root of which (by Table l,;the fractions being found by 
calculation) is 80-004, being the diameter required in inches, correct 
to five places of figures. ' : . 

V. How many radius-lengths are there in an arc of 57° 17' 45."? 

' i Badius-Leitgths. 

From division G, 50° 0-872665 

' — — 7° 0-122173 

— —1/ 10'.. 0-002909 

--- — 7'.; 0-002036 

^ — L, ' 40" 0-000194 

— — 5" 0-000024 

Total, 57° 17' 45" l-OOOOOI 

qr almost exactly one radius-length. 
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• YI. How many minutes are there in the arc which is one- 
eightieth (or 0-0125) of a radius-length? By division K we have 

•01 34-3775 

•002 6-8755 

.. -0005 1-7189 

42-9719 Ansiver; 
or 42' 58" nearly. 



Explanation of Table 5. 

' This table gives the circumferences and areas of circles, of 
diameters from 101 to 1000; the circumferences computed to two 
t)laces of decimals, the areas to the nearest unit. Circumferences 
and areas for diameters not in the table may be computed by the 
Aid of the following principles : — 

: , 1. The circumferences of circles are proportional to their diam- 
eters. : . ' 

■ 2. The areas of circles are proportional to the squares of their 
diameters. 



Table 5. — Circumferences akd 


Abeas of Circles. 


Diam. 


Circum. 


Area. 


Diam. 


Circum. 


, Area. ' 


lOI 


3^730 


8012 


146 


45867 


16742 


I02 


32044 


8171 


147 


461-81 


' 16972 


103 


32358 


8332 


148 


46496 


17203 


104 


32673 


8495 


149 


46810 


17437 


105 


32987 


8659 


150 


47 1 24 


1767I 


106 


33301 


8825 


151 


474-38 


17908 


107 


33615 


8992 


152 


477-5* 


18146 


108 


33929 


9161 


153 


480-66 


18385 


109 


34243 


9331 


154 


483-81 


18627 


no 


34558 


9503 


155 


486-95 


18869 


III 


34872 


9677 


156 


49009 


19113 


112 


351*86 


9852 


157 


493-23 


19359 


"3 


355-00 


10029 


158 


496-37 


19607 


114 


358-14 


10207 


159 


499-51 


19856 


115 


361-28 


10387 


160 


502-65 


20106 


116 


36442 


10568 


161 


505-80 


20358 


117 


367-57 


IO75I 


162 


508-94 


20612 


118 


37071 


10936 


163 


51208 


20867 


119 


37385 


III22 


164 


515-22 


2II24 


120 


37699 


II3IO 


165 


518-36 


21382 . 


121 


38013 


II499 


166 


521-50 


21642 


122 


383-27 


1 1 690 


167 


524-65 


21904 


123 


386-42 


II882 


168 


527-79 


22167 


124 


38956 


12076 


169 


530-93 


22432 


125 


39270 


12272 


170 


534-07 


22698 


126 


395-84 


12469 


171 


537-21 


22966 


127 


39898 


12668 


172 


540-35 


23235 


128 


40212 


12868 


173 


543-50 


23506 


129 


40527 


13070 


174 


546-64 


23779 


130 


408-41 


13273 


175 


54978 


24053 


131 


4"-55 


13478 


176 


55292 


24329 


132 


414-69 


13685 


177 


55606 


24606 


133 


417-83 


13893 


178 


559-20 


24885 


134 


420-97 


I4IO3 


179 


562-35 


.25165 


135 


424-12 


14314 


180 


565-49 


25447 


136 


427-26 


14527 


181 


568-63 


25730 


137 


430-40 


14741 


182 


571-77 


26016 


138 


43354 


14957 


183 


574-91 


26302 


139 


43668 


15175 


184 


578-05 


26590 


140 


43982 


15394 


185 


581-19 


26880 


141 


44296 


15615 


186 


58434 


27172 


142 


44611 


15837 


187 


587-48 


27465 


M3 


44925 


1 606 1 


188 


590-62 


27759 


144 


45239 


16286 


T89 


59376 


28055 


145 


45553 


16513 


190 


59690 


28353 
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Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


191 


600*04 


28652 


236 


741-42 


43744 


192 


60319 


28953 


237 


74456 


44"5 


193 


60633 


29255 


238 


74770 


44488 


194 


60947 


29559 


239 


75084 


44863 


i9B 


6i2-6i 


29865 


240 


75398 


45239 


196 


61575 


30172 


241 


75712 


45617 


197 


61889 


30481 


242 


760-27 


45996 


198 


62204 


30791 


243 


763-41 


46377 


199 


62518 


3IIO3 


244 


76655 


46759 


200 


628-32 


.31416 


245 


76969 


47 H4 


201 


631-46 


3173I 


246 


77283 


47529 


202 


634-60 


32047 


247 


775*97 


47916 


203 


63774 


32365 


248 


779-12 


48305 


204 


64089 


32685 


249 


782-26 


48695 


205 


64403 


33006 


250 


785-40 


49087 


206 


64717 


33329 


251 


788-54 


49481 


207 


650-31 


33654 


252 


791-68 


49876 


' 268 


65345 


33979 


253 


79482 


50273 


- 209 


65659 


34307 


254 


797*96 


50671 


210 


65973 


34636 


255 


801 -I I 


51071 


211 


66288 


34967 


256 


80425 


51472 


212 


66602 


35299 


257 


807-39 


51875 


213 


669-16 


35633 


258 


8io'53 


52279 


214 


67230 


35968 


259 


813-67 


52685 


215 


67544 


36305 


260^ 


8i6-8i 


53093 


216 


678-58 


36644 


261* 


819-96 


53502 


217 


681-73 


36984 


262 


823-10 


53913 


218 


684-87 


37325 


263 


82624 


54325 


219 


688-OI 


37668 


264 


829-38 


54739 


220 


69115 


38013 


265 


83252 


55155 


221 


694-29 


38360 


266 


83566 


55572 


222 


697-43 


38708 


267 


838-81 


55990 


223 


700-58 


39057 


268 


841-95 


56410 


224 


703-72 


39408 


269 


84509 


56832 


225 


70686 


39761 


270 


84823 


57256 


226 


7 lo-oo 


40115 


271 


851-37 


57680 


227 


7I3I4 


40471 


272 


854-51 


58107 


228 


716-28 


40828 


273 


857-66 


58535 


229 


719-42 


41x87 


274 


86o-8o 


58965 


230 


722-57 


41548 


275 


863-94 


59396 


231 


72571 


41910 


276 


867-08 


59828 


232 


728-85 


42273 


277 


870-22 


60263 


253 


731*99 


42638 


278 


87336 


60699 


234 


735x3 


43005 


279 


876-50 


61136 


235 


738-27 


43374 


280 


879-65 


61575 
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Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. . 


281 


88279 


62016 


326 


1024-16 


83469 . 


282 


885-93 


62458 


327 


1027-30 


83982 


283 


889-07 


62902 


328 


1030-44 


84496 


284 


892-21 


63347 


329 


1033-58 


85012 


285 


895-35 


63794 


330 


103673 


85530 


286 


89850 


64242 


331 


1039-87 


86049 


287 


901-64 


64692 


332 


1043-01 


86570 


288 


904-78 


65144 


333 


1046-15 


87092 


289 


907-92 


65597 


334 


104^-29 


87616 


290 


911-06 


66052 


335 


1052-43 


88141 


291 


914-20 


66508 


336 


1055-58 


88668 


292 


917-35 


66966 


337 


IO5I872 


89197 


293 


. 920-49 


67426 


338 


1061-86 


89727 


294 


92363 


67887 


339 


1065-00 


90259 


' 295 


92677 


68349 


340 


1068-14 


90792 


296 


929-91 


68813 


341 


1071*28 


91327 


297 


933-05 


69279 


342 


1074-42 


91863 


298 


936-19 


69747 . 


343 


1077-57 


92401 


299 


939*34 


70215 


344 


10807 I 


92941 


300 


942-48 


70686 


345 


1083-85 


93482 


301 


945-62 


. 7II58 


346 


1086*99 


94025 


302 


94876 


7163T 


347 


1090*13 


94569 


303 


951-90 


72107 


348 


1093-27 


95115 


304 


955-04 


72583 


349 


1096*42 


95662 


305 


958-19 


73062 


350 


1099*56 


96211 


306 


961-33 


73542 


351 


1102-70 


96762 


307 


964-47 


74023 


352 


1105*84 


97314 


308 


967-61 


74506 


353 


1108-98 


97868 


309 


97075 


74991 


354 


1112'12 


98423 


310 


973-89 


75477 


355 


1115*27 


98980 


3" 


977-04 


75964 


356 


1118-41 


99538 


'312 


980-18 


76454 


357 


1121*55 


100098 


313 


983-32 


76945 


358 


1124*69 


100660 


314 


986-46 


77437 


359 


1127-83 


101223 


315 


989-60 


77931 


360 


1130*97 


101788 


316 


99274 


78427 


361 


113412 


102354 


317 


995-88 


78924 


362 


1137*26 


102922 


318 


999-03 


79423 


363 


1140*40 


103491 


319 


1002-17 


79923 


364 


1143*54 


104062 


320 


1005-31 


80425 


365 


114668 


104635 


321 


1008-45 


80928 


366 


1149-82 


105209 


322 


1011-59 


81433 


367 


1152*97 


105785 


323 


101473 


81940 


368 


115611 


106362 


324 


1017-88 


82448 


369 


1 15925 


106941 


325 


102102 


82958 


370 


1162-39 


107521 
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'Diam. 


. Circiim, 


Area, 


Diam. 


Circum. 


Area. 


371 


1165-53 


I08103 


416 


1306-91 


I35918 


372 


.1168-67 


108687 


417 


1310-05 


136572 


373 


II7I-81 


109272 


418 


I31319 


137228 


374 


1174-96 


109858 


419 


1316-33 


^37885 


375 


1178-10 


110447 


420 


I3i9'47 


138544 


376 


1181-24 


IIIP36 


421 


1322-61 


139205 


377 


1184-38 


111628 


422 


1325-75 


139867 


378 


1187-52 


112221 


423 


132889 


I4053I 


379 


1190-66 


112815 


424 


1332-04 


I4II96 


380 


II93-81 


113411 


425 


1335-18 


141863 


381 


1196-95 


114009 


426 


1338-32 


I4253I 


382 


120009 


114608 


427 


1341-46 


143201 


383 


1203-23 


1151209 


428 


1344-60 


143872 


384 


1206-37 


115812 


429 


134774 


144545 


385 


1209-51 


I16416 


430 


1350-89 


145220 


386 


1212-66 


II702I 


431 


1354-03 


145896 . 


387 


1215-80 


117628 


432 


1357-^7 


146574 


388 


1218-94 


118237 


433 


1360-31 


147254 


389 


1222-08 


118847 


434 


1363-45 


147934 


390 


1225-22 


119459 


435 


1366-59 


148617 


391 


1228-36 


120072 


436 


136973 


149301 


392 


1231-50 


120687 


437 


1372-88 


149987 


393 


1234-65 


121304 


438 


1376-02 


150674 


394 


1237-79 


121922 


439 


1379-16 


I51363 


395 


1240-93 


122542 


440 


1382-30 


152053 


396 


1244-07 


123163 


441 


1385*44 


152745 


397 


1247-21 


123786 


442 


1388-58 


153439 


398 


1250-35 


124410 


443 


139^73 


I54134 


399 


1253-50 


125036 


444 


1394-87 


154830 


400 


1256-64 


125664 


445 


1398-01 


155528 


401 


1259-78 


126293 


446 


- 1401*15 


156228 


402 


1262-92 


126923 


447 


1404-29 


156930 


403 


1266-06 


127556 


448 


1407-43 


157633 


404 


1269-20 


128190 


449 


1410-58 


158337 


405 


1272-35 


128825 


450 


1413-72 


159043 


406 


1275-49 


129462 


451 


1416-86 


159751 


407 


1278-63 


I30IOO 


452 


1420*00 


160460 


408 


f28i-77 


130741 


453 


1423-14 


161171 


409 


1284-91 


131382 


454 


1426-28 


161883 


410 


1288-05 


132025 


455 


1429-42 


162597 


411 


1291-19 


132670 


456 


143257 


T63313 


412 


1294-34 


I33317 


457 


143571 


164030 


413 


1297-48 


133965 


458 


1438-85 


164748 


414 


1300-62 


134614 


459 


1441-99 


165468 


415 


1303-76 


135265 


460 


1445-13 


166190 
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Diam. 


Circura. 


Area. 


Diam. 


Circum. 


Area. 


461 


144827 


166914 


506 


1589-65 


201090 


462 


1451-42 


167639 


507 


159279 


201886 


463 


1454-56 


168365 


508 


1595-93 


202683 


464 


145770 


169093 


509 


1599-07 


203482 


46s 


1460-84 


169823 


510 


l602-2I 


204282 


466 


1463-98 


170554 


511 


1605-35 


205084 


467 


1467-12 


I71287 


512 


1608*50 


205887 


468 


1470-27 


17202c 


513 


1611-64 


206692 


469 


1473-41 


172757 


514 


1614-78 


207499 


470 


1476-55 


173494 


515 


1617-92 


208307 


471 


1479-69 


174234 


516 


1621-06^ 


2091 17 


472 


1482-83 


174974 


517 


1 6 24 '20' 


209928 


473 


148597 


175716 


518 


162735 


2IO74I 


474 


1489-12 


176460 


519 


1630-49 


211556 


475 


1492-26 


177205 


520 


163363 


212372 


476 


1495-40 


177952 


521 


163677 


213189 


477 


149854 


17870I 


522 


1639-91 


214008 


478 


1501-68 


179451 


523 


164305 


214829 


479 


1504-82 


180203 


524 


1646*20 


215651 


480 


1507-96 


180956 


525 


1649*34 


216475 


481 


1511-11 


1817H 


526 


1652*48 


217301 


482 


1514-25 


1824C7 


527 


1655-62 


218128 


483 


1517-39 


183225 


528 


1658*76 


218956 


484 


1520-53 


183984 


529 


1661*90 


219787 


48s 


1523-67 


184745 


530 


1665-04 


220618 


486 


1526-81 


185508 


531 


1668*19 


221452 


487 


1529-96 


186272 


532 


1671-33 


222287 


488 


1533-10 


187038 


533 


1674*47 


223123 


489 


1536-24 


187805 


534 


1677-61 


223961 


490 


1539-38 


188574 


535 


i68o*75 


224801 


491 


1542-52 


189345 


536 


1683*89 


225642 


492 


154566 


190117 


537 


1687*04 


226484 


493- 


1548-81 


I9089Q 


538 


1690*18 


227329 


494 


1551-95 


I91665 


539 


1693-32 


228175 


495 


155509 


192442 


540 


1696*46 


229022 


496 


1558-23 


I9322I 


541 


1699*60 


229871 


497 


1561-37 


194000 


542 


1702*74 


230722 


498 


1564-51 


194782 


543 


1705*88 


231574 


499 


1567-65 


195565 


544 


1709-03 


232428 


500 


1570-80 


196350 


545 


1712-17 


233283 


SOI 


1573-94 


197136 


546 


1715-31 


234140 


502 


1577-08 


197923 


547 


171845 


234998 


503 


1580-22 


I98713 


548 


1721-59 


235858 


504 


1583-36 


199504 


549 


1724-73 


236720 


505 


1586-50 


200296 


550 


1727-88 


237583 



47 



Diam. 


Circuixi. 


Area. 


Diam. 


Circum. 


Area. 


551 


173TO2 


238448 


596 


1872-39 


278986 


55* 


173416 


2393^4 


597 


1875*53 


279923 


553 


173730 


240182 


598 


1878-67 


280862 


554 


1740-44 


24IO51. 


599 


i88t-8i 


281802 


555 


1743*58 


241922 


600 


1884-96 


282743 


556 


174673 


242795 


601 


1888-10 


283687 


557 


174987 


243669 


602 


1891*24 


284631 


558 


1753-01 


244545 


603 


1894-38 


285578 


559 


I75615 


245422 


604 


1897-52 


286526 


560 


175929 


246301 


605 


1900-66 


287475 


561 


176243 


247181 


606 


1903-81 


288426 


563 


1765*58 


248063 


607 


1906-95 


289379 


563 


176872 


248947 


608 


1910-09 


290334 


564 


1771-86 


249832 


609 


1913-23 


291289 


565 


177500 


250719 


610 


1916-37 


292247 


566 


1778*14 


251607 


611 


1919-51 


293206 


567 


1781-28 


252497 


612 


1922-65 


294166 


568 


1784*42 


253388 


613 


1925-80 


295128 


569 


1787*57 


254281 


6U 


1928-94 


296092 


S70 


1790-71 


255176 


615 


1932-08 


297057 


571 


1793*85 


256072 


616 


1935-22 


298024 


573 


1796-99 


256970 


617 


1938-36 


298992 


573 


1800-13 


257869 


618 


1941*50 


299962 


574 


1803-27 


258770 


619 


1944-65 


300934 


575 


1806-42 


259672 


620 


1947-79 


301907 


576 


1809-56 


260576 


621 


1950*93 


302882 


577 


1812-70 


261482 


622 


1954-C7 


303858 


578 


1815-84 


262389 


623 


1957-21 


304836 


579 


1818-98 


263298 


624 


1960-35 


305815 


580 


1822-12 


264208 


625 


196350 


306796 


581 


1825-27 


265120 


626 


1 966 -64 


307779 


582 


1828-41 


266033 


627 


1969-78 


308763 


583 


1831*55 


266948 


628 


1972-92 


309748 


584 


1834-69 


267865 


629 


197606 


310736 


585 


1837*83 


268783 


630 


1979-20 


3II725 


586 


1840-97 


269702 


631 


1982-35' 


3^2715 


S87 


1844*11 


270624 


632 


1985-49 


313707 


588 


1847-26 


271547 


633 


1988-63 


314700 


589 


1850-40 


272471 


634 


1991-77 


315696 


590 


1853*54 


273397 


635 


1994-91 


316692 


591 


1856-68 


274325 


636 


199805 


317690 


592 


1859-82 


275254 


637 


2001-19 


318690 


593 


1862-96 


276184 


638 


2004-34 


319692 


594 


I866-II 


277117 


639 


2007-48 


320695 


595 


1869-25 


278052 


640 


2010-62 


321699 



48 



Diam. 


Circum, 


Area. 


Diam. 


Circum. • 


' Airea. 


641 


2013-76 


322705 


686 


2155-13 


369605 


642 


201690 


3237^3 


687 


2158-27 


370684 


643 


2020*04 


324722 


688 


2161*42 


371764 


644 


2023 1 9 


325733 


689 


2164*56 


372845 


645 


202633 


326745 


690 


2167-70 


373928 


646 


2029-47 


327759 


691 


2170-84 


375013 


647 


2032-61 


328775 


692 


2173-98 


376099 


648 


203575 


329792 


693 


2177-12 


377187 


649 


2038-89 


330810 


694 


2180-27 


37^276 


650 


2042-04 


33183I 


695 


2183-41 


379367 


651 


2045-18 


332853 


696 


2186-55 


380459 


652 


2048-32 


333876 


697 


2189-69 


381554 


653 


2051-46 


334?oi 


698 


2192-83 


382649 


654 


2054-60 


335927 


699 


2195-97 


383746 


6B6 


2057-74 


336955 


700 


2199*11 


384845 


6b6 


2060-88 


337985 


701 


2202-26- 


385945 


657 


2064-03 


339016 


702 


2205-40 


387047 


658 


2067-17 


340049 


703 


2208*54 


388151 


^B9 


2070-3X 


341084 


704 


2211-68 


389256 


660 


2073-45 


342119 


705 


2214-82 


390363 


661 


2076-59 


343157 


706 


2217-96 


39147 I 


662 


2079-73 


344196 


.707 


2221*11 


392580 


663 


2082-88 


345237 


708 


222425 


393692 


664 


2086-02. 


346279 


709 


2227*39 


394805 


665 


2089-16 


347323 


710 


2230*53 


395919 


666 


2092-30 


348368 


711 


2233*67 


397035 


66^ 


2095-44 


549415 


712 


2236-81 


398153 


668 


2098-58 


350464 


713 


2239*96 


399272 


669 


2101*73 


351514 


714 


2243*10 


400393 


670 


2104-87 


352565 


715 


2246-24 


401515 


671 


2108-01 


353618 


716 


2249-38 


402639 


672 


2111*15 


354673 


717 


2252-52 


403765 


673 


2114-29^ 


355730 


718 


2255-66 


404892 


674 


2117-43 


356788 


719 


2258-81 


406020 


675 


2120-58 


357847 


720 


2261-95 


- 407150 


676 


2123-72 


358908 


721 


2265-09 


408282 


677 


2126-86 


^59971 


722 


2268*23 


409416 


678 


2130-06 


361035 


723 


2271-37 


410550 


679 


2133*14 


362101 


724 


2274-51 


41 1687 


680 


2136-28 


363168 


725 


2277-65 


412825 


681 


2139*42 


364237 


726 


2280-80 


413965 


682 


2142-57 


365308 


727 


2283-94 


4 15 106 


683 


2I457I 


366380 


728 


2287*08 


416248 


684 


2148-85 


367453 


729 


2290*22 


417393 


685 


2151-99 


368528 


730 


2293-36 


418539 



49 



Diam. 


Grcum. 


Area, 


Diam. 


Grcum. 


Area. 


731 


229650 


419686 


776 


243788 


472948 


73* 


229965 


420835 


777 


2441*02 


474168 


733 


230279 


421986 


778 


2444-16 


475389 


734 


230593 


423139 


779 


244730 


476612 


735 


230907 


424293 


780 


245044 


477836 


736 


2312-21 


425448 


781 


245358 


479062 


737 


2315-35 


426604 


782 


245673 


480290 


738 


2318-50 


427762 


783 


2459*87 


481519 


739 


2321 64 


428922 


784 


2463*01 


482750 


740 


232478 


430084 


785 


2466-15 


483982 


741 


2327 92 


431247 


786 


2469-29 


485216 


742 


2331 06 


432412 


787 


247243 


486451 


743 


233420 


433578 


788 


247558 


487688 


744 


233734 


434746 


789 


247872 


488927 


745 


234049 


435916 


790 


2481*86 


490167 


746 


234363 


437087 


791 


2485-00 


491409 


747 


234677 


438259 


792 


2488-14 


492652 


748 


2349-91 


439433 


793 


2491*28 


493897 


749 


235305 


440609 


794 


2494-42 


495143 


750 


235619 


441786 


795 


249757 


496391 


751 


235934 


442965 


796 


250071 


497641 


752 


2362*48 


444146 


797 


250385 


498892 


753 


236562 


445328 


798 


2506-99 


500145 


754 


236876 


446511 


799 


2510*13 


501399 


755 


2371-90 


447697 


800 


2513*27 


502655 


756 


237504 


448883 


801 


2516-42 


503912 


757 


237819 


450072 


802 


2519-56 


505171 


758 


2381-33 


451262 


803 


252^70 


506432 


759 


238447 


452453 


804 


252584 


507694 


760 


238761 


453646 


805 


252898 


508958 


761 


239075 


454841 


806 


2532-12 


510223 


762 


239389 


456037 


807 


2535-27 


511490 


763 


239704 


457234 


808 


253841 


512758 


764 


2400*18 


458434 


809 


2541-55 


514028 


765 


2403*32 


459635 


810 


2544-69 


515300 


766 


2406*46 


460837 


811 


254783 


516573 


767 


2409*60. 


462041 


812 


2550-97 


517848 


768 


241274 


463247 


813 


255411 


519124 


769 


2415-88 


464454 


814 


255726 


520402 


,770 


241903 


465663 


815 


256040 


521681 


771 


2422*17 


466873 


816 


256354 


522962 ' 


772 


2425-31 


468085 


817 


256668 


524245 


773 


242845 


469298 


818 


2569-82 


525529 


774 


243159 


470513 


819 


257296 


526814 


775 


243473 


471730 


820 


2576*11 


528102 



60 



Duun. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


821 


2579-25 


529391 


866 


2720*62 


589014 


833 


258239 


530681 


867 


2723*76 


590375 


823 


258553 


531973 


868 


2726*90 


591738 


824 


2588-67 


533267 


869 


2730*04 


593102 


82s 


2591-81 


5345^2 


870 


2733-19 


594468 


826 


2594-96 


535858 


871 


273633 


595835 


827 


2598-10 


537157 


872 


2739-47 


597204 


828 


2601-24 


538456 


873 


2742*61 


598575 


829 


2604-38 


539758 


874 


2745-75 


599947 


830 


2607-52 


541061 


875 


2748*89 


601320 


831 


2610-66 


542365 


876 


2752*04 


602696 


832 


2613-81 


543671 


877 


2755-18 


604073 


833 


2616-95 


544979 


878 


2758-32 


605451 


834 


2620-09 


546288 


879 


2761-46 


606831 


83s 


2623-23 


547599 


880 


2764*60 


608213 


836 


2626-37 


548913 


881 


2767*74 


609595 


837 


2629-51 


550226 


882 


2770-88 


610980 


838 


2632-65 


551541 


883 


2774-03 


612366 


839 


263580 


552858 


884 


2777-17 


613754 


840 


2638-94 


554177 


885 


2780*31 


615143 


841 


2642-08 


555497 


886 


2783-45 


616534 


842 


2645-22 


556819 


887 


278659 


617927 


643 


2648-36 


558x42 


888 


2789-73 


619321 


844 


2651-51 


559467 


889 


279288 


620717 


846 


2654-65 


560794 


890 


2796*02 


622114 


846 


265779 


562132 


891 


2799*16 


623513 


847 


2660*93 


563452 


892 


2802*30 


624913 


848 


2664-07 


564783 


893 


2805*44 


626315 


849 


2667*21 


5661 16 


894 


2808*58 


627718 


850 


267035 


567450 


895 


2811*73 


629124 


851 


2673-50 


568786 


896 


2814*87 


630530 


853 


267664 


570124 


897 


2818*01 


631938 


853 


2679-78 


571463 


898 


2821*15 


633348 


854 


2682-92 


572803 


899 


2824*29 


634760 


855 


268606 


574146 


900 


2827*43 


636173 


856 


2689-20 


575490 


901 


2830*58 


637587 


857 


269234 


576835 


902 


2833*72 


639003 


85B 


269549 


578182 


903 


2836*86 


640421 


859 


2698-63 


579530 


904 


2840-00 


641840 


860 


2701-77 


580880 


905 


284314 


643261 


861 


2704*91 


582232 


906 


2846*28 


644683 


863 


270805 


583585 


907 


2849*42 


646107 


863 


2711*19 


584940 


908 


2852-57 


647533 


864 


2714*34 


586297 


909 


2855-71 


648960 


86s 


2717*48 


587655 


910 


285885 


650388 
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Diam. 


Circuin. 


Arat 


Diam. 


Circum. 


Area. 


911 


2861-99 


651818 


956 


3003-36 


717804 


912 


286513 


653250 


957 


3006-50 


719306 


913 


286827 


654684 


958 


3009-65 


720810 


914 


2871-42 


656119 


959 


3012-79 


722316 


915 


2874-56 


657555 


960 


3015-93 


723823 


916 


287770 


658993 


961 


3019-07 


725332 


917 


288084 


660433 


962 


3022-21 


726842 


918 


2883-98 


661874 


963 


302535 


728354 


919 


2887-12 


663317 


964 


3028-50 


729867 


920 


2890-27 


664761 


965 


3031-64 


731382 


921 


2893-41 


666207 


g66 


3034-78 


732899 


922 


2896-55 


667654 


967 


3037-92 


734417 


923 


2899-69 


669103 


968 


3041-06 


735937 


924 


2902*83 


670554 


969 


304420 


737458 


925 


290597 


672006 


970 


304734 


738981 


926 


2909-11 


673460 


971 


305049 


740506 


927 


2912-26 


674915 


972 


305363 


742032 


928 


2915-40 


676372 


973 


305677 


743559 


929 


2918-54 


677831 


774 


3059-91 


745088 


930 


2921-68 


679291 


975 


306305 


746619 


931 


2924-82 


680753 


976 


3066-19 


748151 


932 


2927-96 


682216 


977 


3069-34 


749685 


933 


2931-11 


683680 


978 


3072-48 


751221 


934 


293425 


685147 


979 


3075-62 


752758 


935 


2937-39 


686615 


980 


307876 


754296 


93<5 


2940-53 


688084 


981 


3081-90 


755837 


937 


294367 


689555 


982 


3085-04 


757378 


938 


2946-81 


691028 


983 


3088-19 


758922 


939 


2949-96 


692502 


984 


3091-33 


760466 


940 


2953-10 


693978 


985 


309447 


762013 


941 


2956-24 


695455 


986 


3097-61 


763561 


942 


2959-38 


696934 


987 


310075 


765111 


943 


2962-52 


698415 


988 


3103*89 


766662 


944 


2965*66 


699897 


989 


3107-04 


768215 


945 


2968-81 


701380 


990 


3110-18 


769769 


946 


297195 


702865 


991 


3113-32 


771325 


947 


297509 


704352 


992 


3116-46 


772882 


948 


2978-23 


705840 


993 


3II960 


774441 


949 


2981-37 


707330 


994 


312274 


776002 


950 


2984-51 


708822 


995 


3125-88 


777564 • 


951 


298765 


710315 


996 


312903 


779128 


952 


2990*80 


71181O 


997 


3132-17 


780693 


953 


299394 


713306 


998 


3135-31 


782260 


954 


2997-08 


714803 


999 


3138-45 


783828 


955 


3000-22 


7x6303 


1000 


3141-59 


785398 



52 KUMBEBS AND FIGURES. 



TRIGONOMETRICAL RULES. 

(Tlie followin<» is a summary of the principles and chief rules of 
trigonometry. In applying those rules to ordinary mechanical 
questions, a very brief table, such as Table 6, is sufficient; but for 
purposes of surveying, astronomy, and navigation, it is necessary to 
use tables too voluminous to be included in such a work as this.) 

I. Trigonometrical Functions Defined. — Suppose that A, B, C 
stand for the three angles of a right-angled triangle, being tlie 
right angle, and that a, 6, c stand for the sides respectively opposite 
to those angles, c being the hypothenuse ; then the various names 
of trigonometiical functions of the angle A have the following 
meanings ; — 

• A ^ A ^ 

sm A = - : cos A = - : 

. A c-6 . . c-a 

versin A = : coversm A = : 

c c * 

tan A = 7 : cotan A = -*: 
a' 

A ^ A ^ 

sec A =s r : cosec A = -. 
' a 

The complement of A means the angle 6, such that A + B = a 
right angle; and the sine of each of those angles is the, cosine of the 
other, and so of the other functions by pairs. 

II. ReUUiona amongst the Trigonometrical FurMions of One 
Anglcy A, and of its Supplement^ 180'' — A : — 

• A AT 9-r tan A 1 

sin A = V 1 — cos2 A = 



cos 



A= ^/l — 8in2A = 



sec A cosec A' 
cotan A 1 



"cosec A sec A' 
versin A = 1 — cos A ; 
coversin A = 1 — sin A ; 

tan A = 7- = -— 7- = sin A • sec A = J sec^ A — 1 : 

cos A cotan A 

cotan A = -; — r = 7 r = cos A • cosec A = ^/ cosec^ A — 1 : 

sm A tan A • • 

sec A = T- = ^Al^-tan2.A: 

cos A 

cosec A = -; — 7- = V 1 + cotan^ A. 

sm A 



TRIGONOMETRICAL RULE& 5i 

8m(180« — A) = sin A; 

iBos (180« — A) = — cos A; 

versin (180* — A) = 1 + cos A = 2 — versin A; 

coversiD (180* — A) = co versin A; 

tan (180° — A) = — tan A ; 

cotan (180° -- A) = — cotan A; 

sec (180* — A) = — sec A; 

cosec (i80° — A) = cosec A. 

To compute sines, &Cf approximately by series; reduce the 
angle to circular measure— that is, to radius-lengths and fractions 
of a radius-length (seie Table 5) ; let it be denoted by A. Then 

A* A* A^ 

an A = A - - +i^jjj- 2.3.4.5.6.7 * ^ 

. , A« A* A« , 

ILL Trigonameiricai Functions of Two Angles: — 

sin (A =!= 6) = sin A cos B z±= cos A sin B ; 

cos (A =±= B) = cos A cos B zqp sin A sin B; 

/ A _^ T>\ ^^ -^ =*= tan B 

tan (A =fc B) = , r-- — =. 

^ ' 1 hp tan A tan B 

IV. Formvlce/or the Solution of Plane Triangles, — Let A, B, C 
be the angles, and a, b, e the sides respectively opposite thetn. 

1* Bclall«Bs ani«HjpC the Angles — 

A 4. B 4. C = 180%- 
or if A and B kre given, 

d = 180* - A - B. . 

2. When the Anglea •■« One Side ure giveM, let a be the given 
side; then the other two sides are 

, sin B sin C 

6 = d r ; d = a • -; rr. 

sin A 6in A 

3. When Tw« Sides mmd the ffnctaidcd Angle nr^ gtren* let a, 5 be 

the given sides, C the given included angle; then 

to find the third side. First Bfethodi 

c = ^ (a2 + 62 - ^ a 6 cos CJ; 

Second Method: Make sin D = =- * cos ^r j tliea 

a -^ b 2' 

d = (a + 6) cos D, 
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Third Method: Make tan E = 7- * Bin ^ : then 

c = (a — 5) sec R 
To find the remaining anglea, A and R 
If the third side has been computed, 

sin A = - • sin C : sin B = - • sin 0. 

c ' c 

If the third side has not been computed, 

, A + B ^ ^ A-B a-b ^ 
tan • = cotan -=- : tan — tz — = r cotan t: ; 

A + B A-B -p A + B A-B 
-^""""2" "*■ 2 ' 2 "" 2 ' 

4. Whea the Three Sides are ffivea, to find <my om of the cmglee, 
such as C — 

^^^= 2ab ^ 

or otherwise, let 

a + ft + c ^, 
» = 5 ; then 



cos 



«=V4i^-?=V^^-$^^^^ 



2 V (« - a) (« - b)' 2 V » (« - c) ' 

sin c = 2jZI5Z55EH3. 

a 

NoTB. — In all trigonometrical problems, it is to be borne in mind, 
that small acute an^es, and lai^e obtuse angles, are most accurately 
determined by means of their sines, tangetUs, and cosecants, and 
angles approaching a right angle by their cosines, cotangents, and 
secants. 

5, Te SelTe a Bight-angled Triaagle.— Let denote the right 
angle; e the hypothenuse; A and B the two oblique angles; a and 
b the sides respectively op})osite them. 

Given, the right angle, another angle B, the hypothenuse c. 
Then 

A = 90° - B; a = c • cos B; 6 = c • sin R 
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GivcD, the right angle, another angle B, a side a, 

A = 90"* - B; 6 = a • tan B; c = a * sec B. 
Gi^en, the right angle^ and the sides a, b, 

tanA = T;tanB=-;<j= J o* + i*. 
a 

Given, the right angle, the hypothenuse c; a side <$, 
sin . 



sin A = cos B = - ; 6 = J c^ — a^. 
c 



Given, the three sides a, 5, c, which fulfilling the equation 
(? = a^ -k- l^y the triangle is known to be right-angled at C. 

sin A = - : sm B = - . 
c c 

6. T« Express the Area of a Plaae Triangle ia Terms af lis 8Mes 
aad Angles. 

Given, one side, c, and the angles. 

. c* sin A sin B 

Area = „ . r—^ — . 

2 smC 

Given, two sides, 6, c, and the included angle A. 

b c ' sin A 

2 ' 

Given, the three sides a, b, e. Let ^ = »; then 

Area = J < « (« — a) (« - 6) (« — c) > . 

V. Rutea for the Solviion of Spherical Triangles, — Let A, B, C 
denote the three angles of a spherical triangle, and «> /3, y, the 
angles subtended by itn sides at the centre of the sphere, called for 
brevity's sake, the sides. 

The spJierical excess means, the excess of the sum of the angles 
A + B + C above two right angles. 

- Spherical excess ^ area of triangle 

4 right angles ~ surface of hemisphere' 

2. To compute the approximate splierical eoccessy in seconds, of a 

triangle on the earth's surface whose area is given; divide that 

area by one or other of the following divisors, according as it is 

given in square feet, in square nautical miles, or in square metres : — 

Area given in Divisor. Com. Log. 

Square feet, 2,115,500,000 9-3254101 

Squai-e nautical miles, 57*29578 1*7581226 

Squai-e metres, 196,530,000 82934243 
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3. Given, two angles of a spbencal triangle, and the side between 
tbem ; to find the remaining sides and angle — 

liet A, B be tbe given angles, and y &e given side. Then to 
find tbe remaining sides, » and iS--^ 

A-B 

tan — H — = tan :^ - 



2 """2 aTB* 
cos s 



sm- 



A -B 



.«-/•. y 2 

tan — = — =» tan ^ • ■ : 

2 2 . A + B' 

sm— ^ 

To find the remaining angle, C, we have the proportion—^ 

sin • : sin /3 : sin y : : sin A : sin B : sin C. 
4. Given, two sides of a spherical triangle and the angle between 
them; to find tbe remaining side and angle — 
Let «, /3 be tbe given sides ; C, the given angle. 
First Mdtuxi, — To find the remaining side, y; 

cos y = cos « * cos /3 + sin « * sin iS • cos C; 

but this formula being unsuited to calculation by logarithms, the 
following has been deduced from it : — 

Q >— — ' 

Make sin D = cos ^ * A/ sin « • sin j8; then 

and to find the remaining angles, we have the proportion, 
sin y : sin « : sin /3 : : sin : sin A : sin B. 
Second Method, — To find the remaining angles, A, B. 

^ A + B 

tan — s — , 



sin Xi 





« — 


/3 







cos 


2 




• cotan 


2 






« 


+ 3 






cos 


""■ 


2 






« — 


fi 







sin 


2 




• cotan 


2 



. - + /J 
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. A + B A-B^ A + B A-B 
A = — y- + — 2— ^ ^ = — 2 2 — 

The remaining side, y, is found by the proportion stated 
above. 

5. The three sides of a spherical triangle being given, to find 
the angles — 

Let C be the angle sought in the first instance. Then 

^ cos y — cos « * cos /3 

cos C = : ; — : 

Bin « * sm /3 

or otherwise — 

A 4* /9 4- V ' 

Let 9 = — denote the half sum of the sides; 



cos 



J = ^ / 8itttr'8in(>-y) . sin J ^ / sin(c-a){Bmc^fi) 
2 V sin « ■ sin /S -^ V sin « • sin /3 

C C C C 

cos ^ is best when ^ approaches a right angle; sin .^ when ^ is small. 

These formuin will serve alike to compute any angle. If it is 
desired to express the angle sought by A or by B, the following 
cubstitutions are to be made in the formulae : — 

For the following symbols in the form ulse for C,... « /3 y 

Substitute respectively in the formulie for A,... fi y « 

— — — — for B,... y « /S 

6, In a right-angled spherical triangle, the right angle and any 
two other partd being given, to find the remaining parts — 
Let C be the right angle, and y the side opposite to it 

Case I. Two sides being given, the third is found by the 
equation*-^ 

cos it * cos /3 = cos y; 
and the oblique angles by the equations — 

cos A = cotan y * tan /3; cos B = cotan y * tan «; 
or by the equations — 

cotan A = cotan « • sin fi; cotan B = cotan /9 • sin «, 

Case II. Given, a side («) and the opposite angle (A). Find 
the side /3 by the formula — 

sin 3 = tan « • cotan A; 

then find y and B as in Case I. 
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Case IIL Given, a nde («) and the adjacent angle (B). Find 
the aide y bj the formnla — 

cotan y = cos A - ootan fi; 
then find « and B as in Case L 

Case IY. Given, two angles, A, B — 

cosA cosB xAx^T> 

cos « = -: — TTi COS ^ = - — T- : COS y = cotan A • cotan R 
sin B sin A 

YL Approadmate Solutions of Spherical Triangles, used in 
Trigoiwmetrical Surveying. 

1. Given, in a triangle on the earth's surface the length of one 
side, Cj and the adjacent angles, A, B; to find approximately the 
third angle, C. 

Calculate the approxifnaU area of the triangle, as if it were 
plane. From that area calculate the "spherical excessi," X. Then 

C = 180^ + X - A - R 

2. To find approximately the remaining sides, a, (, of the same 
triangle. Let «, /3, y be the angles subtended by the sides. 

From each of the angles subtract one-third of the spherical 
excess, and then treat the triangle as if it were plane. That is to 

goy 

sin (a - ^) dn (b - -s^) 
a = e- ^ |i;ft = c- ^^ ^. 

siB(c-J) -(c-f) 

Pboblem Thibd. — Given, in a triangle on the earth's surfiace, 
two sides, a, 6, and the included angle, C, to find the remaining 
side, c, and angles, A, B. 

Compute the approximcUe area as if the triangle were plane ; 
thence compute the spherical excess, X, and deduct one-third of it 
from the given angla Then consider the triangle as a plane 
triangle, in which are given the two sides a, b, and the included 

X 

angle C'= C — -5-, and find the third side, c, and the remaining 

angles, A', R. Then for the remaining angles of the real spherical 
tiiangle, take 

A = A'+|jB = F+f. 



59 

Table 6. — Arcs, Sines, and Tangents, fob eyebt Degree 
FBOM r TO 89°. 

Explanation. 

1. The table gives arcs and their complemeuts in circular 
measure, sines and cosines, tangents and cotangents, for every 
whole degree, correct to five places of dedmala 

2. Arcs containing fractions of a degree may be found either 
bv the aid of Table 4, Divisions I and L, or by multiplying the 
fractional part by 0*01745, and adding the product to the arc 
corresponding to the whole number of degrees. 

3. For finding the sines, &o,, of angles containing fractions of a 
degree, the following process is correct to the following numbers of 
places of decimals : — 

For sines and tangents of angles between 0^ and ^> ) ti /. 
For cosines and cotangents of angles between 84** > ? ^^ 
and 90% j P^®^> 

For sines of angles between 6® and 90% 1 

For cosines of angles between 0° and 84% I To four 

For tangents of angles between 0^ and 30% | places; 

For cotangents of angles between 45** and 60% J 

For tangents of angles between 30° and 45% ) To three 

For cotangents of angles between 45° and 90% j places. 

Multiply the fraction of a degree by the difference between the 
values of the quantity to be found for the next lower and next 
higher whole numbers of degrees, and add the product to the value 
for the next lower whole number of degrees. 
Example.— Required the sine of 30° 20' = 30° J. 

Sine of 30% -50000 

Sine of 31% -51504 

Difference, -01504 

x& 
•00501 

Add sine of 30% -50000 

Sin 30°^, correct to four places of decimals, -50501 

4. The sine or cosine of an angle containing a fraction of a degree 
may be found correct to five places of decimals, when required, as 
follows : — Find a fii-st approximation to the sine or cosine by the 
preceding rule. Then multiply together the given fraction of a 
d^ree, the difference between tliat fraction and unity, the fraction 
-00015, and the approximate sine or cosine already found; the 
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product will be a correction, to be added to the approximate sine 
or cosine for a more exact value. 

Example. — Required the sine of 30°J, correct to five places of 
decimals. 

First approximation, as already found, '50501 

Correction to be added, ^ x § x -00015 x '50501 = ;000017 

Sum -505827 
so that the sine required, to five places of decimals, is *50503. 

Cobebction-Factors, to Multiply Approximate Sikes and 
Cosines. 



antes. 


Factors. 


Minntel 


5 


1 -00061 1 


55 


lO 


I -00002 1 


5<^ 


13 


1-000028 


45 


20 


1000033 


40 


25 


1-000036 


35 


30 


i boo63'7 


30 



Angle. Arc. 



I" 

2 

3 

4 
5 
6 

7 
8 

9 

lO 

II 



.01745.. 
0349^ 
05236 
06981 
.08727.. 
10472 
12217 

13963 
.15708.. 

17453 
19199 

12 20944 

13 ...22689.. 

14 24435 
26180 
27925 
29671.. 
31416 

19 33161 

20 34907 

36652.. 

38397 

40143 

41888 

25.- 43633.- 

26 45379 

27 47124 

28 48869 
29... 50615.. 

30 52360 

31 54^05 

32 55850 
33... 57596.. 

34 59341 

35 61087 
62832 
64577.. 
66322 

39 68068 

40 69813 
71558.. 
73304 

43 75049 

44 76794 
45... 78540.. 

Co-angle. Co-arc. 



^5 
16 

17. 
18 



21. 
22 
23 
24 



36 
37- 

38 



41. 
42 



Sine. 

.01745 
03490 

05234 
06976 
.08716. 

10453 
I2187 

13917 
15643' 
17365 
1 908 1 
20791 
.22495. 
24192 
25882 

27564 
.29237. 
30902 

32557 
34202 

.35837< 
37461 
39073 
40674 
,42262, 

43837 
45399 
46947 
,48481, 
50000 

51504 
52992 
54464. 

55919 
57358 

58779 
.60182. 
61566 
62932 

64279 
.65606. 
66913 
68200 
69466 
.70711 

Co-sine. 



Tangent 

..01746... 
03492 
05241 
06993 

..08749... 
IO51O 
12278 
14054 

..15838... 
17633 
19438 
21256 

..23087.., 

24933 
26795 
28675 

.30573..- 
32492 

34433 

36397 

..38386.., 

40403 

42447 

44523 

..46631.., 

48773 
50953 
53171 

..55431 — 
57735 
60086 
62487 

..64941... 

67451 
70021 

72654 
..75355-. • 
78129 
80978 
83910 
..86929... 
90040 
93252 
96569 

I'OOOOO... 
Co-tangent. 



Co-tangent. 
57*28996. 
2863625 
1908114 
1430067 
11-43005. 
951436 

8-14435 
7-11540 

6-31375. 
5-67128 

514455 
470463 

4-33148. 

4*01078 

373205 

348741 

327085. 

3-07768 

2*90421 

274748 

2*60509. 

2-47509 

235585 

2*24604 

2*14451. 

2*05030 

1*96261 

1-88073 

1*80405., 

1*73205 

1*66428 

1-60033 

1-53986. 

1*48256 

1*42815 

1*37638 

1*32704. 

1*27994 

1*23490 

1-19175 

115037. 

1-11061 

1*07237 

103553 
1*00000. 

Tangent 



Co-sine. 
.99985... 

99939 
99863 
99756 
.99619... 

99452 

99255 

99027 
.98769. 

98481 

98163 

97815 
.97437... 

97030 

96593 
96126 

.95630.. 

95106 

94552 

93969 
.93358.. 

92718 

92050 

91355 
.90631.. 

89879 
89101 
88295 
.87462.. 
86603 

85717 
84805 
.83867... 
82904 
81915 
80902 
.79864... 
78801 

77715 
76604 

.75471... 
74314 
73135 
71934 
.70711... 

Sine. 



Co-arc. Co-angia 

i'55335...89'* 
153589 88 
1*51844 87 
1*50099 86 

148353.. -85 
1*46608 84 
1-44863 83 
143117 82 
1*41372. ..81 
1-39627 80 
1-37881 79 
I -36 1 36 78 
134391. -77 
1-32645 76 
1*30900 75 

1-29155 74 

i*27409...73 

1*25664 72 

1*23919 71 

1*22173 70 

1*20428. ..69 

118683 68 

1-16937 67 

1*15192 66 

113447...65 

111701 64 

1-09956 63 

1*08211 62 

1*06465. ..61 

1*04720 60 

102975 59 

I 01 230 58 

99484...57 

97739 56 

95993 55 

94248 54 

92503.-53 

90758 52 

89012 51 

87267 50 

85522. ..49 

83776 48 

82031 47 

80286 46 

78540...45 

Arc. Angle. 
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RULES FOR THE MENSURATION OP FIGUREa 



Section I. — Plane Abea^ 

1. Pmnillclegraai. RuLE A. — Multiply the length of one of the 
Rides by the perpendicular distance between that side and the 
opposite side. 

Rule B. — Multiply together the lengths of two adjacent sides 
and the sine of the angle which they make with each other. 
(When the parallelogram is right-angled, that sine is = 1.) 

2. TniFexaid (or four-sided figure bounded by a pair of parallel 
straight lines, and a pair of straight lines not parallel). Multiply 
the half sum of the two parallel sides by the {)erpendicular distance 
between them. 

3. Triangle. RuLE A. — Multiply the length of any one of the 
sides by one-half of its perpendicular distance from the opposite 
angle. 

Rule B. — Multiply one-half of the product of any two of the 
sides by the sine of the angle between them. 

Rule C. — Multiply together the following four quantities : the 
half sum of the three sides, and the three remainders left after 
subtiucting each of the three sides from that half sum ; extract the 
square root of the quotient ; that root will be the area required. 

Note. — Any polygon may be measured by dividing it into tri- 
angles, measuring those triangles, and adding their areas together. 

4. Parabolic Flsnres of the Third ]>«gree. — The parabolic figures 

to which the following rules apply are of the following kind (see 

fig& 1 and 2.) One boundary is a straigdt line, A X, called the 

base or cuds; two other boundaries are 

either points in that line, or sttuight 3 r - ■ ^^ 

lines at hght angles to it, such as A 

A B and X C, called ordinates; and J 

the fourth boundary is a curve, B C, ^1 ^ 

of the pa/rabolic class, and of the iMrd ^ * 

degree; that is, a curve whose ordinate ^^ ' *^* 

(or perpendicular distance from the base A X) at any point is 
expressed by wliat is called an aJg^raical function of t/ie third 
degree of the abscissa (or distance of that ordinate from a fixed 
point in the base). An algebraical function of the third degree of a 
quantity consists of terms not exceeding four in number, of which 
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one may be constant, and the rest must be proportional to powers 
of that quantity not higher than the cube. 

Rule A. — Divide the base, as in fig. 2, into two equal parts 
or intervals; measure the endmosfc ordinates, A B and X C, and 
the middle ordinate (which is dotted in the figure) at the point of 
division; add together the endmost ordinates B,nd four times the 
middle ordinate, and divide the sum by six; the quotient will be 
the mean breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

KuLE B. — Divide the base, as in fig. 2, into three equal intervals; 
measure the endmost ordinates, A B and X C, and the two inter- 
mediate ordinates (which are dotted) at the points of division ; add 
together the endmost ordinates and three times each of the inter- 
mediate ordinates; divide the sum by eight; the quotient will be 
the mean breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

In applying either of those rules to figures whose curved 
boundaries meet the base at one or both ends, the ordinate at each 
such point of meeting is to be made = 0. 

5. Any Plane Area. — Draw an, axis or base-line, AX, in a con- 
venient position. The most convenient position is 
usually parallel to the greatest length of the area to 
be measured. Divide the length of the figure into a 
convenient number of equal intervals, and measure 
breadths in a direction perpendicular to the axis at 
the two ends of that length, and at the points of 
division, which breadths will, of course, be one more 
in number than the intervals. (For example, in i^g. 
3, the length of the figure is divided into ten equal 
intervals, and eleven breadths are measured at 5q, 5^, 
&c.) Then the following rules are exact, if the sides 
of the figure are bounded by straight lines, and by 
parabolic curves not exceeding the third degree, and 
are approximate for boundanes of any other figures, 
pj ^ Rule A. {^^ Simpson's First Rule,'' to be used 

when the number of intervals is even.) — Add together 
the two endmost breadths, tvnce every second intermediate breadth, 
andybwr times each of the remaining intermediate breadths; mul- 
tiply the sum by the common interval between the breadths, and 
divide by 3 ; the result will be the area required. 

For two intervals the multipliers for the breadths are 1, 4, 1 
(as in Rule A of the preceding Article); for four intervals, 
1, 4, 2, 4, 1 ; for six intervals, 1, 4, 2, 4, 2, 4, 1 ; and so on. These 
are called "Simpson's Multipliers." 

Example. — Length, 120 feet, divided into six intervals of 20 
feet each. 
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BreadthslnFeet Simpson's t>-/vir.«#. 

andDecimala. MuldpUera Froducts. 

17-28 1.... 17-28 

16-40 4 65-60 

1408 2 2816 

10-80 4 43-20 

7-04 2 1408 

3-28 4 13-12 

1 0-00 

SuTTiy 181-44 
X Common interval, 20 feet 

-f- 3) 3628^ 
Area required, 1209-6 square feet 

RrTLE R ('* Simpson's Second Ruley' to be used when the 
number of intervals is a multiple of 3.) — Add together the two 
endmost breadths, twice every third intermediate breadth, and 
thrice eacli of the remaining inteimediate breadths ; multiply the 
sum by the common interval between the breadths, and by 3; 
divide the product by 8; the result will be the area required. 

''Simpson's multipliers'* in this case are, for three intervals, 
1, 3, 3, 1 ; for six intervals, 1, 3, 3, 2, 3, 3, 1 ; for nine intervals, 
1, 3, 3, 2, 3, 3, 2, 3, 3, 1 ; and so on. 

Example. — Length, 120 feet, divided into six intervals of 20 
feet each. 

Breadths in Feet Sbnpson-s t>-«^-«4- 

and Decimals. MulfipUera. iTOdncta 

17-28 1 17-28 

16-40 3 49-20 

14-08 3 42-24 

10-80 2 21-00 

7-04 3 21-12 

3-28 3 9-84 

1 0-00 

Sum, 161-28 

X Common interval, 20 feet 

322F6 

X 3 

■^8 )9676-8 

Area required, 1209-6 square feet 

Hem ARKS. — The preceding examples are taken from a parabolic 
figure of the third degree, for which both Simpson's Kules ai'e 
exact ; and the results of using them agree together precisely. For 
other figures, for which the rules are approximate only, the fisbt 

F 
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nile is in general somewhat more accurate than the second, and is 
therefore to be used unless there is some special reason for pi*e- 
ferring the second. 

The probable extent of error in applying Simpson's First Bule 
to a given figure is, in most cases, nearly proportional to the fourth 
power of the length of an interval 

The errors are greatest where the boundaries of the figure are 
most curved, and where they are nearly perpendicular to the axis. 
In such positions of a figure the errors may be diminished by sub- 
dividing the axis into smaller intervals. 

Rule O. (" MernfidcTa Trapezoidal RuU^^ for calculating sepa- 
rately the areas of the parte into which a figure is subdivided by 
its equidistant ordinates or breadths.) — Write down the breadths 
in their order. Then take the differences of the successive breadths, 
xiistinguishing them into positive and negative according as the 
breadths are increasing or diminishing, and write them opposite 
the intervals between the breadths. Then take the difiei'ences 
of those differences, or second differences, and write them opposite 
the intervals between the first differences, distinguishing them into 
positive and negative according to the following principles i-^ 

First Dlfferenoea Second Difference. 

Positive increasing, or ) ^^^^^ 

Negative diminishing, J 

Negative increasing, or ) Vp^otive. 

Positive diminishing, / ^Negative. 

In the column of second differences there will now be two blanks 
opposite the two endmost bi*eadths; those blanks ai*e to be filled up 
with numbers each forming an arithmetical progression with the 
two adjoining second differences, if these are unequal, or equal to 
them, if they are equal 

Divide each second difference by 12; this gives a correction^ 
which is to be subtracted from the breadth opposite it if the second 
difference 'is positive, and added to that breadth if the second 
difference is negative. 

Then to find the area of the division of the figure contained 
between a given pair of ordinates or breadths; multiply Uie half 
9um of the corrected breadths by the interval hettoeen tliem. 

The area of the whole figure may be formed either by adding 
together the areas of all its divisions, or by adding together the 
halves of the endmost corrected breadths, and the whole of the 
intermediate breadths, and multiplying the sum by the common 
Interval. 

Example. — Length, 120 feet, divided into six intervals of 20 feet 
^ush. 
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cr 



BreadthBln 

Feet and 

Dedmalfc 


Pirtt 
Cifleranoeft 


Second 


Correctioni. 


Corrected AreM of 
Breadtha DivUdom. 

Feet Sq. Feei 


17-28 




(- 1-9^) 


+ o*i6 


1744 ) 

\ 339-6 
16-52 

[ 3068 
14-16 

> 250-0 
10-84 

178-8 
7-04 ' 

102-8 

3.24 

} 316 

— 008 ^ 




— 0-88 






16*40 




— 1-44 


+ 0-12 




— 2-32 






i4'o8 




— 0-96 


+ o-o8 




— 328 






io-8o 




— 0-48 


+ 0-04 




— 376 






7-04 












— 376 






328 




-f 0-48 


— 0-04 




-3-28 











(+ 096) 


— o-o8 



Total area, square feet, 1209-6 

The second differences enclosed in parentheses at the top and 
l)ottom of the column are those filled in by making them form an 
anthmetical progression with the second differences adjoining them. 
The last corrected breadth in the present example is negative, 
and is therefore subtracted instead of added in the ensuing com- 
putation. 

BuLE D. — ("Common Trapezoidal Rule,^ to be used when a 
rough approximation is sufficient.) Add together the halves of the 
endmost breadths, and the whole of the intermediate breadths, and 
multiply the sum by the common interval 

Example. — ^The same as before. 





Feet 


Half breadth at one end, 17-28 ^ 2 = 


8-64 




r 16-40 




14-08 


Intermediate breadths, • 


10-80 




7-04 




3-28 


Half breadth at the other end, » « 







60-24 


X Common interval, . 


20 


Afiproximate area, . . . , 


1204-8 square feet. 


True area as before computed, . 


1209-6 


Err(yry 


— 4-8 square feet. 



6. Circle.— The area of a circle is equal to its circumference 
multiplied by one-fouith of its diameter, and therefore to the square 
of the diameter multiplied by one-fourth of the ratio of the circum-- 
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ference to the diameter. The ratio of the area of a circle to the 

square of its diameter (which ratio is denoted by the symbol ~j 

is incommenawrahle; that is, not expressible exactly in figures; but 
it can be found approximately, to any required degree of precision. 
Its value has been computed to 250 places of decimals; but the 
following approximations are close enough for most purposes, 
scientific or practical : — 

Approximate Values of - • Errors In Fractions of the 

*^*^. 4 Circle, about 

•7853981634 - + one-300,000,000,000th. 

•785398 + -one-5,000,000th. 

•7854 - +one-400,000th. 

j^^- - +one.l3,000,000th. 

4 X 113 

j2 - +one-2,500ih. 

Tables 4 and 5 contain examples of the results of such calculations. 
The diam^eter of a circle eqttal in area to a given sqtta/re is very 
nearly 1-12838 x the side of the square. The following table gives 
examj)les of this : — 

Table 4 n. — Multipliebs for Converting 





Sides of Squares into 


I>iameter8 of Circles 






Diameters of 


into Sides of 






Equal Circles. 


Equal Squares. 




I 


1-12838 


0-88623 


I 


2 


2-25676 


1*77245 


2 


3 


3-38514 


2-65868 


3 


4 


4-51353 


3-54491 


4 


5 


5-64190 


4-431 13 


5 


6 


6-77028 


5-31736 


6 


7 


7-89866 


6-20359 


7 


8 


9-02704 


7-08981 


8 


9 


10-15542 


7-97604 


9 


10 


11-28380 


8-86227 


10 



7. The area of a circular Sector (O A C B, fig. 4) is the same 
fraction of the whole circle that the 
angle A O B of the sector is of a whole 
revolution. In other words, multiply 
half the square o/t?ie radivs, or one-eiglUh 
of the square of the dicmietery by the 
circular measure (to radius unity) of the 
angle A O B; the product will be the 

area of the sector. (For circular measures of angles, see Tables 

4 and 6.) 




Fig. 4 
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8. A Cfrcnfaur ftegmeat (A D B C, fig. 4) is equal to the sector 

O A C B less the triangle OAR Hence, from the circular 
measure of the angle A O B subtract its sine; multiply the re- 
mainder by half the square of the radius; the product wUl be the 
area of the segment. 

9. Circahur SpaMdrils. Cabe I, — Spandril ACE, bounded by 
the arc A C, the tangent E, and the external secant A E. From 
the tangent of the angle A O C subtitict the circular measure of 
that angle; multiply the remainder by half the square of the 
radius; the product will be the area. 

Case II. — Spandril A C F, bounded by the arc A C, the tangent 
C F, and the straight line A F perpendicular to C F. From twice 
the sine of the angle A O C subtract the circular measure of that 
angle, and half the sine of double the angle ; multiply the remainder 
by half the square of the radius ; the product will be the area. 

10. BiiipM. Case I. — Given (in ^g. 5), the two axes, A O a, 
B O 6. Multiply the lengths of those axes together, and their pr j- 

duct by J- (See A rticle 6 of this section.) 

Case II. — Given, a pair of conjugate 
diametei-s, C O c, D O d (that is, a 
pair of diameters each of which is par- 
allel to the tangents at the ends of the 
other). From one end of one of those 
diameters (as D) let fall D E perpen- 
dicular to the other diameter, C c; multiply Cc by twice D E, 

and the product by -; or otherwise — multiply together the given 

conjugate diameters, and their product by the sine of the angle 

between them, and by - 

11. BlltpUc Sectors and Segmenta.— In ^g, 6, let O A, O B, be 

the greater and lesser semi-axes of an ellipse, 
A C D B a quadrant of that ellipse, C O D an 
elliptic sector, and C D an elliptic s^ment. 
About O with the radius O A describe the 
circular quadrant Acdb; through C and D 
draw C c and D d parallel to O B, cutting the 
circle in c and d. Join Oc, Od,cd. Then 
as OA 




:isto OB 

; so is the circular I ^^^^''^^^ ^ 
I or segment c d 




; to the elliptic 



sector OCD 
I or segment C D. 



Fig. 6. 
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12. Hyperbolic BMtor.— la fig 7, let the straight lines O X, O YV 
be the cbsymptoUs of a hyperbola; A and £ two points in that 

hyperbola, and O A £ a hyperbclie 
sector, whose area is reqnii«d. A 
characteristic property of the hy- 
perbola is the following: that if 
from any point in it, sucK as A or 
£, there be dittwn straight lines: 
parallel to the asymptotes, so as 
to enclose a parallelogram, such as 
O C AE or O D B F, the areas of 
all such parallelograms shall be 
equal for a given hyperbola. Let 
the common area of them all for the 
given hyperbola be called the modulus; then the.area of the sector 
A O B is equal to the modulus multiplied by the hyperbolic log- 

AC B F 

arithm of the ratio g-^ = -^^ (For hyperbolic logarithms, see 

Tables 3 and 3 a.) The areas ACDB and AEFB are each of 
them equal to the sector A O B. 

13. Harmonic Cnrvc (see fig. 8). Case I. Single Harmonic 
Cuive. — ^Let A B be the base and O C the height of a harmonic 

curve, O being the 




Fig. 7. 





^A- 


C 


N« 


middle of the base. 
The ordinate X Y, at 

— — — «~ • ±. "V • xV. 


i 


^ ' 


o 

1 


^^ 


; any point, X, in the 
-ir-r^a base, is equal to O 


i> 




— # 

Fig. 8. 




^ C multiplied by the 
cosine of an angle 



bearing the same proportion to two right-angles that O X bears to 
A R Then the area A C B is equal toABxOCx- The 

2 

approximate value of -, correct to about one-2,000,000th, is -63662. 

Case II. Dcyuhle Ha/nnonic Curve, or Curve of Versed Sines.— 
Let the harmonic curve be continued to D and £ as far below A B 
as C is above that line; the arcs A D and B E being similar to 
A C and B C, but inverted ; so that the new base D E is twice the 
length of A B, and is a tangent to the curve at D and E; and the 
new height F C is twice O C. Then the area D C E = D E x 

14. Tiwciiciii, OT Boliiac iTaTc-linc (see tg. 9). — ^Let a circular 
disc, H, roll along a straight line, E F; then a tmcing point fixed 
in the rolling disc traces, a trochoid, of which A C B is one wave. 
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«xtendiDg from one of the lowest positions of the tracing-point to 

the next Let the base of the iigure to be measured be the straight 

line, A B, touching the ^- -'■*« 

trochoid at A and B; / c ^ 

then the length of that 

base is equal to the 

circumference of the 

rolling circle, H; and 

the extreme breadth of 

the figure, C D, is twice the tracing radius, or distance of tho 

tracing-point from the centre of the rolling circle. 

To find the area, A C B; miiltiply the base, A B, by the tracing 
radius, ^ C D, and to the product add the area of the circle 
described on C D as a diameter. 

15, c^aiemuTff or Chain-curve. — See Section lY., further on. 




Fig. 9. 



Section XL — Ctlikdrical, Conical, and Spherical Areas. 

1. €7iind«r.p— The curved sur£BU» of a cylinder is measured by 
multiplying its circumference by its length. 

2. CoMe^r— The curved surface of a right cone is greater than 
the area of its circular base, in the same proportion in which the 
slanting side of the cone is longer than the radius of its base. 

3. Sphere.— The surface of a sphere is equal to the curved surface 
of the circumscribed cylinder — that is, to the diameter of the sphere 
multiplied by its cii-cumference, or to four times the area of a great 
circle of the sphere. 

4. Spherical Xeaes aad SegMeMia.— The area of a zone Or belt, 
or of a segment of a sphere^ is equal to that of a zone of equal 
height on the curved surfia,ce of the circumscribed cylinder. In 
other words, multiply the height of the zone or segment by the 
circumference of a great circle of the sphere. 

Thus, in fig. 10, B A C is a hemisphere; B D E C, a circum- 
scribed cylinder ; O A, the axis of 
that cylinder; F K, a plane per- 
pendicular to that axis, cutting 
it in H, and cutting the sphere 
in the small circle I J. Then 
I A J is a segment of the sphere ; 
and its area is equal to that of 
the cylindrical belt F D E K, or 
to the circumference of the sphere 
X A H; and B I J C is a zone 
or belt of the sphere, whose area ^*^- ^^• 

is equal to that of the cylindrical belt B F K C, or to the cir- 
cumference of the sphere x H 0, 
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5, Spherical TriaMsie.— As a complete revolution (or four riglrt- 
angles) 

: is to the spherical excess (see Trigonometrical Rules, 

Division Y.), ? 

: : so is the surface of the hemisphere 
: to the area of the triangle. 

Section III. — ^Yolumes. 

1. Amj Prism or Cylinder wltli Plane Pamllel Ends. HULE A. 

Measure the sectional area of the prism or cylinder upon a plane 
perpendicular to its axis ; multiply that area by the length ; the 
product will be the volume. 

KuLE B. — Multiply the area of either end by the perpendicular 
distance between the planes of the end& 

2. Rectangular Prism, with Plane Ends not Parallel.— Measure 
the sectional area on a plane perpendicular to the axis ; multiply it 
by the half-sum of the lengths measured along a pair of opposite 
edges. 

3. Triangnlar Prism, with Plane Ends net Parallel. — Measure 

the sectional area on a plane at right angles to the axis; multiply 
by the third paiii of the sum of the lengths of the three edges. 

4. Reciangnlar Prism with Cnrred Ends (" WooUe^'s Rvle''), — Add 
together the lengths along the middles of the four faces of the 
prism, and twice the length along the axis, and divide the sum by 
six, for the mean length ; multiply the mean length by the sec- 
tional area measured on a plane perpendicular to the axis. 

This rule is exact when the ends of the prism are curved surfaces, 
of a degree not exceeding the third, and approximate for other 
curved surfaces. 

5. Any Solid. METHOD I. By Layers, — Choose a. straight axis in 
any convenient position. (The most convenient is usually parallel 
to the greatest length of the solid.) Divide the whole length of 
the solid, as marked on the axis, into a convenient number of equal 
intervals, and measure the sectional area of the solid upon a series 
of planes crossing the axis at right angles at the two ends and at 
the points of division. Then treat those areas as if they were the 
breadths of a plane figure, applying to them Rule A, B, or C, of 
Section I., Article 5 ; and the result of the calculation will be the 
volume required. If Rule C is used, the volume will be obtained 
in separate layers. 

This method is exact when the sectional area is an algebraical 
function of the distance along the axis of a degree not higher than 
the third. Some of the figures which fulfil that condition are 
specified further on. For other figures the method is approximate 
only. 
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Method II. By Prisma or Columns (" WooUefi/s RuU^\ — ^Assume 
a plane in a convenient .position as a base, divide it into a network 
of equal rectangular divisions, and conceive the solid to be built of 
a set of rectangular prismatic columns, having these rectangular 
divisions for their sectional areas. Measure the thickness of the 
solid at the cerUre and at the midflle of each of tlis aides of each of 
those rectangular columns; calculate the volume of each column 
by the rule of Section III., Article 4, and take the sum of those 
volumes. 

Or otherwise, to calculate the volume of the solid at one 
operation — ^add together the doubles of all the thicknesbes before- 
mentioned, which are in the interior of the solid, aud the simple 
thicknesses which are at its boundaries; divide the sum by aixy and 
multiply by the area of one rectangular division of the base. 

6. €*ne or Pyramid.— Multiply the area of the base by one-third 
of the height, measured perpendicularly to the plaue of the 
base. 

7. Sphere and Eiii]MMid. KuLE A. — Multiply the area of a 
diametral section (found by Section I., Article 6, for a circle, or by 
Section I., Article 10, for an ellipse) by two-thirds of the height 
measured perpendicularly to the plane of that section. 

Rule B. — Multiply together the three axes of an ellipsoid (or 
take the cube of the diameter of a sphere) ; then multiply by the 

£ictor «. 

Approximate Values of - . Errors, about 

0-5235987756- + one-300,000,000,000th. 

0-5235p9^ +one-2,300,000th. 

0-5236- ....+one-400,000th, 

355 

a—TTZ- +one-13,000,000th. 

o X llo- 

377 

^- +one-40,000th. 

2j- +one-2,500th. 

8. FmatBDi — ^PrUuioid — Upherical and Bllipaoidal Segments and 
Zones. — The following rule is applicable to 

A frustum, or part cut off from a cone or pyramid by a plane 
parallel to the base (fig. 11); 

A prismoid, or solid bounded by two parallel quadrangular ends 
(E F L K, C D I H, ^g, 12) and four plane faces, parallel or not 
(C F L H, H L K I, I K E D, D E F C); 

A segment cut off by one plane, or a zone cut out by a pair of 
parallel planes, from a sphere or an ellipsoid (fig. 13); 
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And generally, to any solid bounded endwise by a pair of parallel 
planes, and sideways by a conical^ spherical^ or ellipsoidal suxface, or 
by any number of planes. 




Fig. lU 



Fig. IJ. 

To the areas of the ends add four times the area of a cross 

section made by a plane midway between and parallel to the 

,,.••— .•^^ ends; divide the sum by six for the m^an 

\ section, which multiply by the length A X 

measured perpendicular to the planes of the 

end& 

9. flpherical €on« (O I A J, fig. 10). — 
Find by Section II., Article 4, the area of the 
segment I A J, which is the base of the 
cone; multiply that area by one-third of the 
radius of the sphere. 




Fig. 18. 



Section IV. — Lengths op Curves. 



The measurement of the lengths of curves is called rectifictUian. 
1. Any Carre. RuLE A By Gfiords, — Let A B (fig. 14) be 

the curved line whose length is to be measured. Divide it into 

any even number of intervals, 
equal or unequal, by points (such 
as 1, 2, 3), measure the series of 
straight chords (such as ATI, 1 2, 
2 3, 3 £), which span those in- 
tervals, and take the sum of 
their lengths; measure also the 
straight chords (such as A2, 2B) 
which span the intervals by pairs, 

and take the sum of their lengths; to the first sum add one-tliird 




Fig. 14. 
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of tbe differenoe between it and the second sum; the result will be 
the approximate length of the curve. 

KuLE R By Chords and TcmgerUs, — Divide the curve into 
any number of intervals, equal or unequal, by points (such as 2 in 
fig. 14). At the ends and points of division draw straight tangents 
(such as A T^ T^ T,, T. B), stopping at their first intersections with 
each other. Measure tne total length of those tangents, and also 
the total length of the straight chords (such as A 2, 2 B). To the 
total length of the tangents add twice the total length of the chords, 
and divide the sum by 3j the quotient will be the approximate 
length required. 

KuLB C. By Tangents, — Let A B (^g, 15) be the curved line 
to be measured. Through its two ends, A and B, draw a pair of 
parallel lines in any convenient direction (but the more nearly that 
direction is perpendicular to 
a straight line from A to B 
the more accurate will the 
result be). Divide the dis- 
tance between those parallel 
lines into an even number of 
eqiuxl intervals, by means of 
intermediate parallel lines, 
cutting the curve in inter- 
mediate points, such as 1, 
2, 3. At each of these in- 
termediate points, and also 
at the ends of the curve, 
draw straight tangents ex- 
tending the whole way from 
one of the outer parallel 
lines to the other (as A T^, 

Multiply the lengths of 

those tangents in their order 

by ''Simpson's Multipliers'* 

(as in Section I., Article 5, Eule A); add together the products, 

and divide their sum by the sum of the multipliers; the quotient 

will be the approximate length required. 

Bemabx.— The errors of the three preceding rules vary nearly as 
the fourth power of the angular tTUerval, or angle made by the 
tangents at the two ends of an interval; hence the lengths of the 
intervals should be made least where the curvature is most rapid, so 
that the angular intervals may be nearly equal. The following are 
the proportionate errors in applying the rules to circular areas 




Fig. 15. 



with angular intervals of 
small:— 



30°; + meaning too great, and — too 
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Rule A, EiTor about - one-6,500tli. 

„ B, „ + oiie-4,000th. 

„ C, ^ + one-250th. 

With half the angular interval, the errors are reduced in each case 
to one-sixteenth. 

Rule D. Fiyr Arcs of SmaU CurvcOure.'-In fig. 16, let A B be 
the arc to be measured. Draw a 
^ tangent, A C D, and the chord A B ; 
from B draw B C perpendicular to the 
tangent, and B D perpendicular to the 

Fig. 16. chord; then A C + o C D is approxi- 

inately equal to the length of the arc. 

For a circular arc of 30° the error of this rule is about + one- 
1,600th; and it varies nearly as the fourth power of the angular 
interval. 

Rule K From a given Point, to set off a given Distance along 
a Curved Line. — Take any convenient aliquot part of the given 
distance in the compasses, and make them step along the curve, 
from the given point, to find b. first approximation to the other end 
of the given distance. Then take half that aliquot part in the 
compasses, and make them step along the curve to find a second 
approximation. Those two approximate points will both be too 
far off. Take one-third of the distance between them, and set it 
off hackvoa/rds from the second approximate point for the final 
a^roximation. The errors are the same with those of Rule A- 
Rule F, To reduces a "Eolled Cwrve" to an equal Circular 

Arc, — Let I) E be a base 

^ line of any figure, upon 

3^^,-^ \ ""^^ which a disc of any figure 

^ — V^. \ 'rolls; a point, B, in that 

^ ^ '' ^^ I disc traces a "rolled 

curve,** F B H. The 
rolling radius at any 

,-,-_^ . instant is the distance, 

" j- "^ B A, from the tracing- 

^*^- ^'- point, B, to the point of 

contact. A, of the disc and base line, and is everywhere perpen- 
dicular to the rolled curve. 

Divide the whole angle through which the disc turns in describing 
the given curve by, rolling, into an even number of angular inter- 
vals, corresponding to an odd number of intermediate positions 
of the disc; measure the rolling radii corresponding to those 
intermediate positions, and to the endmost positions. Multiply 
the series of rolling radii by the multipliers in Simpson's first rule 
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(Section I., Article 5, Rule A); add together the products; divide 
their sum by the sum of the multipliers; the quotient will be the 
nveam, rolling radms. Then with the mean rolling radius describe 
a circular arc subtending an angle equal to the total angle through 
which the disc turns in rolling; that arc will be nearly equal in 
length to the given rolled curve. 

Instances of the application of this to particular cases will be 
given in Article 3 of this Section, Rule C, and in Articles 4 and 5. 

2. Circle.— The incommensurable ratio of the circumference of a 
citcle to its diameter is denoted by x. The following are approxi- 
mations to its value, of various degrees of accuracy : — 

Approximate Value of r. Error, about 

3-1415926536- + one-300,000,000,000th. 

3-141593- 4-one-9,000,000th. 

3-1416- +one-400,000th. 

yj^- +one-13,000,000th. 

377 

Y2Q- +one-40,000th. 

v-,-j-5 + -one-13,000th. 

114-6 

y- +one-2,500tL 

For the approximate value of «• to 250 i)laces of decimals, see 
Bierens de Haan on Definite Integrals. 
For particular results, see T^ble 5. 

3. A Circular Arc ^lay be measured by any of the general rules 
in Article 1 of this Section; also by the following special rules: — 
Rule A. By Calctdation.^-Mxiltiply «■ by the ratio which the arc 
bears to a whole circle. 

Rule B. By Coristruction, — In fig. 18 let be the centre of 
the circle, and AB the arc to be 
measured. Draw the tangent A ^.^^ ^ 
E peq^endicular to A C. Produce " " ""' 
A C to D, making A D = 3 A C. 
Draw the straight line D B E, 
cutting the tangent in E Then _ 
the straight line A E is nearly '^ Fig. is. 

equal to the arc A B. 

The result of this rule, for an arc of 30°, is too small by about 
one-2,300th ; and the error varies nearly as the fourth power of the 
angle subtended by the arc. By subdividing an arc, this rule may 
be made to measure it with any required degree of accuracy. 
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Rule C. To Construct a Circula/r Arc nearly/ eqwd to a given 
StraigJU Line^ and svhtending a given Angle, — In fig. 19 let P Q be 
the given straight line. Construct the triangle P Q E, in which 

Q is a right angle and P 
the complement of the 
given angle; so that R 
is the given angle itselfl 
Bisect the hypothenuse, 
P R, in S, about which 
point describe a circular 
arc traversing P and Q. 
Divide that arc into an 
even number of equal 
intervals; measure the 
distances from its two ends and from the points of division to the 
point R; multiply those distances in their order by Simpson's 
Multipliers (Section L, Article 5, Rule A); divide the sum of the 
products by the sum of the multipliers; the quotient will be the 
radius R T, with which is to be described the arc T U, subtending 
the angle P R Q, and approximately equal to the straight line 
PQ. 

The error of this rule is about + one-2,500th for angular inter- 
vals of 30''; and it diminishes somewhat faster than the fourth 
power of the inter^'al. 

4i BlUptlc Are«— To construct a circular arc approximately equal 

to a given arc, C D, fig. 20, not 
exceeding a quadrant of an 
ellipse whose semi-axes O A 
and O B are given. 

In fig. 21 draw a straight 
line, in which take E F = O B 
and F G = O A. Bisect it in 
H; and about that point, with 
the radius H F = H K = 

5 ^ describe a circle. 

Mark the points c and d in 
that circle, by laying off E c = 
OCandEc^ = OD. 

Then divide the arc c d into 




Fig. 20. 



an even number of equal intervals, as the case may be, and measure 
the distances from the ends of the arc and the points of division 
to G; these will be rolling radii of the ellipse, as generated by 
rolling a circle of the radius E H inside a circle of the radius 
E G, the tracing-point being at the distance H F from the centre 
of the rolling circle; multiply those rolling radii in their order by 
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Simpson's multipliers (Section I., Article 5, Rule A); divide the 
sum of the products by the sum of the multipliers j the quotient 
will be ths radius of the required circular a^c. 




Fig. 2L 

Then in fig. 20 describe a circle about O with the radius O A ; 
through C and D draw straight lines parallel to O B, cutting that 
circle in F and Jl ; join O F, O iA ; and about the centre, O, with 
the mean rolling radius already found, describe the circular arc 
M N, bounded by the straight lines O F, O il ; this will be the 
required circular arc approxinhately equal to the elliptic arc C D. 

The circular arc may then be measured by the rules of Article 3 
of this Section* 

The following are examples of the errors of this rule, when 
applied to an entire elliptic quadrant divided into two intervals 
only. For greater numbers of' intervals, the errors vary inversely 
as the fourth power of the number of intervals, or nearly so : — 

SemfSiB Seml-2ds Ecoentrldty. ^foE^}r<«Xk ^E^ltli Errors, 



X 


•7071 


•7071 


1-3506 


1-3538 


•0032 


I 


•8000 


•6000 


1-4184 


1-4195 


•OCT I 


I 


•8660 


•5000 


1-4675 


1-4681 


•0006 



6. CmMmoB Parabola.— In fig. 16 (page 76) let A be the vei-tex 
of a common parabola, and A B an arc to be measured, commenc- 
ing at the vertex. 

For a rough approximation, use Rule D of Article 1 of this Sec- 
tion. For purposes of precision, proceed as follows : — 

Draw the tangent at the vertex A C, on which let fall the per- 
pendicular B C, and measure the lengths of those lines. Call A C 
the basCy and B C the height. 

To the square of the height add one-fourth of the square of the 
base, and extract the square root of the sum. Call this the eloping 
tangent. 

Divide the square of the base by four times the height. Call this 
the focal distance. 
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To the doping tangent add the height ; divide the snm by half 
the base; take the hyperbolic logarithm of the quotient. Multiply 
that logarithm by the focal distance. 

To tiie product add the sloping tangent; the sum wHl be the 
required ara* 

6. CaieuuT*— In fig. 22 the horizontal straight line through O is 
the directrix of the catenary; the 
vertical line O A is its pa^aTneter, on 
which all its dimensions depend; A 
is the vertex, or lowest point of the 
curve; B another point; X B a ver- 
tical ordinate from the dii'ectrix to 
the point B; O X the correspond- 
ing ahcissa, or horizontal distance 
from O. 

Rule A— Given, O A and X B; to find the arc A B. 
By construction: — On X B as a hypothenuse construct the 
right-angled triangle X T B, making X T = O A; then will 
T B = the arc AB. (T B is a tangent to the curve at B.) 
By calculation :--A B = ^ (X B^ - O A2). 
Rule B.— The curea 0ABX=0AxarcAB = 2x triangle 
XTB. ^ 

Rule C— Given, O A and O X, to find X B and A B. 
Divide O X by O A; find the hyperbolic antilogarithm of the 
quotient (see Table 3), and the reciprocal of that antilogarithm. 

For the ordinate X B, multiply O A by the half-sum of the 
antilogarithm and its reciprocal 

For the arc A B, multiply O A by the half-difference of the 
same quantities, t 

Addendum to Section I. 

A Piat^meier or Pianimcter is an instrument for measuring 
plane areas on paper. A point is made to travel round the 

♦In8ymbol8,letAC = x, OB = y, andthearcAB = *. Then 

2 

fin symbols, let O A = m; X = a;; X B = y; arc A B = «/ then 

sc = w • hyp. log. ^ "*" * . 
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boundary of the figure to be measured; and when that point has 
returned to the spot from which it started, the area enclosed by 
the boundary is indicated on one or more graduated (drcles. The 
simplest instniment of this kind is Amstler'a 



Addendum to Section IV. 

BectiflcarioM of Cnires by an InstmineBt. — An instrument for 
rectifying curves on paper consists of a small wheel, milled, and 
sometimes spiked on the rim, and turning upon a fixed spindle 
which has a fine screw thread cut upon it. At one end of the 
spindle is a shoulder, to limit the motion of the wheel in that 
direction. 

The wheel being made to bear against the shoulder, is placed 
with its rim resting on the commencement of the curve to be recti- 
fied. It is then made to ran along the curve in such a dii*ection 
that, in revolving, it screws itself away from the shoulder. Having 
arrived at the farther end of the curve, it is lifted, and set down 
at a point marked on a straight line; it is then run along the 
straight line so as to revolve the contrary way, and screw itself 
back towards the shoulder. When it has returned to the shoulder 
from which it started, its point of contact with the straight line is 
marked; and thus is obtained a straight line equal in length to the 
given curve. 

Section V. — Centres op Magnitude, 

By the magnitude of a figure is to be understood its length, area, 
or volume, according as it is a line, a sarface, or a solid. 

The Centre ofMagnitvde of a figure is a point such that, if the 
figure be divided in any way into equal parts, the distance of the 
centre of magnitude of the whole figure from any given plane is 
the mean of the distances of the centres of magnitude of the several 
equal parts from that plane.* 

1. Symmetrical Fignre.— If a plane divides a figure into two sym- 
metrical halves, the centre of magnitude of the figure is in that 
plane ; if the figure is symmetrically divided in the like manner 
by two planes, Sie centre of magnitude is in the line where these 
planes cut each other; if the figure is symmetrically divided by 
three planes, the centre of magnitude is their point of intersection ; 
and if a figure has a cffrdre offigwre (for example, a circle, a sphere, 

• The centre of magnitude of an uniformly heavy body is the same with 
its centre of gravity; of which point mention wiU again be made farther on. 

The geometrical moment of any figure relatively to a given plane is the 
product of its magnitude into the perpendicular distance of its centre from 
that plane. 
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an ellipse, an ellipsoid, a parallelogram, &c.), that point is its centre 
of magnitude. 

2. €)mimpmmm^ Wigmn^r—To find the perpendicular distance from a 
given plane of the centre of a compound figure made up of parts 
whose centres are known. Multiply the magnitude of each part 
by the perpendicular distance of its centre from the given plane ; 
distinguish the products (or moments) into positive or negative 
according as the centres of the parts lie to one side or to the other 
of the plane; add together, separately, the positive moments and 
the negative moments : take the difference of the two sums, and 
call it positive or negative according as the positive or negative 
sum is the greater; this is the residtcmt momerU of the compound 
figure relatively to the given plane; and its being positive or nega- 
tive shows at which side of the plane the required centre lies. 
Divide the resultant moment by the magnitude of the compound 
figure; the quotient will be the distance required. 

The centre of a figure in three dimensions is determined by 
finding its distances from three planes that are not parallel to each 
other. The best position for those planes is perpendicular to each 
other; for example, one horizontal, and the other two cutting each 
other at right angles in a vertical line. To determine the centre 
of a plane figure, its distances from two planes perpendicular to the 
plane of the figure are sufficient. 

3. Componad Fignre of Two Parts. — ^Let a compound figure, as 
in ^g. 23, consist of two parts, and 
let their separate centres, A and B, 
be known. Draw and measiu^e the 
straight line A B; multiply its length 
by the magnitude of either of the 
parts, and divide by the whole magni- 
tude; the quotient will be the distance 
of the centre, C, of the whole figure 
from the centre of the other part; 
and C will lie in the straight line 
AB. 

^'S- 23, j-ji^ symbols, let A and B denote 

the magnitudes of the parts, and A + B that of the whole figure; 
then 




iC^lAB^BC^lAB-j 



A + B ^ A + B 



4. Componad Figare formed by SabtractiOB.— From the larger 
figui-e in £g, 24, whose known centre is A, let a part whose known 
centre is B be taken away. Draw and measure the sti-aight line 
B A. The centre, C, of the remaining figure will lie in B A, pro- 
duced beyond A To find the distance A C, multiply B A by the 
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I 

magnitude of the part taken away, and divide by the magnitude of 
the remaining figui-e. 

[In symbols, let A be the magnitude of the original figure, 
B that of the part taken away, and A - B that of the remaining 
figure. Then 



CA 



B B A "] 
"* A-B J 



5. Fignw Ohanged hf ShUllag a Part.— In ^g, 25 let C be the 

original position of the centre of a figure ; let the figure be changed 




Fig. 24. Fig. 25. 

in shape, but not in magnitude (from the dotted outline to the 
plain outline), by shifting part of it; and let A be the original 
position, and B the new position of the centre of the part shifted. 
Draw and measure the straight line A R Through C draw C D 
parallel to and pointing in the same direction with A B; and 
make 

p ^ _ A B X magnitude of part shifted ^ 
"" magnitude of whole figure * 

D will be the new position of the centre of the figui-e. 

6. Any Pkuie Area.— To find, approximately, the centre of any 
plane area. 

KuLE A — Let the plane area be that represented in ^g, 3 (of 
Section I., Article 5, preceding). Draw an axis, AX, in a con- 
venient position, divide it into equal intervals, measure breadths at 
the ends and at the points of division, and calculate the area, as 
ill Section I., Article 5, 

Then multiply each breadth by its distance from one end of the 
axis (as A); consider the products as if they were the breadths of 
a new figure, and proceed by the rules of Section I., Article 5, to 
calculate the area of that new figure. The result of the operation 
will be the moment of the original figure relatively to a plane per- 
pendicular to A X at the point A. 
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Divide the moment by the area of the original figure; the quotient 
■will be the distance of the centre required from the plane perpen- 
dicular to A X at A. 

Draw a second axis intersecting A X (the most convenient 
position being in general perpendicular to A X), and by a similar 
process find &e distance of the centre from a plane perpendicular 
to the second axis at one of its ends; the centre will then be 
completely determined. 

Rule B. — If convenient, the distance of the required centre 
fix>m a plane cutting an axis at one of the intermediate points of 
division, instead of at one of its ends, may be computed as follows : — 
Take separately the moments of the two parts into which that 
plane divides the figure; the required centre will lie in the pai*t 
which has the greater moment. Subtract the less moment from 
the greater; the remainder will be the resultant moment of the 
whole figure, which being divided by the whole area, the quotient 
will be the distance of the required centre from the plane of 
division. 

Eemare. — ^When the resultant moment is = 0, the centre is in 
the plane of division. 

Rule C. — To find the perpendicular distance of the centre from 
the axis A X. Multiply each breadth by the distance of the 
middle point of that breadth from the axis, and by the proper 
"Simpson's Multiplier" (Section I., Article 5); distinguish the 
products into right-handed and left-handed, according as the middle 
points of the breadths lie to the right or left of the axis; take 
separately the sum of the right-handed products and the sum of 
the left-handed products; the required centre will lie to that side 
of the axis for which the sum is the greater; subtract the less sum 
from the greater, and multiply the remainder by ^ of the common 
interval if Simpson's first rule is used, or by | of the common 
interval if Simpson's second rule is used; the product will be 
the resiUtant moment relatively to the axis A X, which, being 
divided by the area, the quotient will be the required distance 
of the centre from that axis.* 

7. Any Solid. — To find the perpendicular distance of the centre 
of magnitude of any solid from a plane perpendicular to a given 
axis at a given point, proceed as in Rule A of the preceding 
Article to find the moment relatively to the plane, substituting 

* The rules of this Article are expressed in symbols as follows : — Let x and 
y be the perpendicular distances of any point in the plane area from two 
planes perpendicular to the area and to each other, and xq and ^o the per- 
pendicular distances of the centre of magnitude of the area from tiie same 
planes; then 

(A) wo =/4^i5ly: (B) y. - £M5iy. 

JJdxdy Jfdxdy 



CENTRES OF MAGNITUDE. 



85 




sectional areas for breadths; then divide the moment by the volume 
(as found by Section III., Article 5); the quotient will be the 
required distanca 

To determine the centre completely, find its distances from three 
planes, no two of which are pai<alleL In general it is best that 
those planes should be perpendicular to each other. 

8. Anj Cnrred liiae. RuLE A. To jmd approodmotdj/ the 
Centre of Magnitude of a very 
Flat Curved Line,— In fig. 26 let 
A D B be the ara Draw the 
straight chord A B, which bisect 
in C; draw C D (the deflection of 
the ai-c) perpendicular to A B; from D lay off D E = ^ D j E 
will be very nearly the centre required 

The error of this process is about thr of the deflection for a 
circular arc of 60°; and its proportion to the deflection varies 
nearly as the square of the angular extent of the arc. 

BULB B. — When the Curved Line is not very Jlat, divide it into 
very flat arcs; find their several centres of magnitude by Rule A, 
and measure their lengths by one of the rules of Section lY., 
Article 1; then treat the whole curve as a compound figure, 
agreeably to the niles of Article 2 of this Section. 

9. SpMiai Fignrcik L Trianole (fig. 27). — From any two of 
the angles draw straight lines to the middle 
points of the opposite sides; these lines will 
cut each other in the centre required; — or 
otherwise, — from any one of the angles draw 
a straight line to the middle of the opposite 
side, and cut off one-third part from that line, 
commencing at the side. 

IL Quadbilatebal (fig. 28). — Draw the two diagonals A C and 
B D, cutting each other in E. If the 
quadrilateral is a parallelogram, E will 
divide each diagonal into two equal parts, 
and will itself be the centre. If not, one 
or both of the diagonals will be divided 
into unequal parts by the point R Let 
B D be a diagonal that is unequally 
divided From D lay off D F in that 
diagonal = B K Then the centre of 
the triangle F A C, found as in the 
preceding i*ule, will be the centre required 

III. Plane Polygon. — Divide it into triangles; find their 
centres, and measure their areas; then treat the polygon as a com- 
pound figure made up of the triangles, by the rules of Article 2 of 
this Section. 




Fig. 27. 




Fig. 28. 
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IV. Prism, or Cylinder with Plane Parallel Ends. — Find 
the centres of the ends; a straight line joining them will be the 
axis of the prism or cylinder^ and the middle point of that line will 
be the centre required. 

V. Tetrahedron, or Triangular Pyramid (fig. 29). — Bisect 
^ any two opposite edges, as A D and 

B C, in E and F; join E F, and 
bisect it in G; this point will be the 
centre required. 

VI. Any Pyramid or Cone 
with a Plane Base. — Find the 
centre of the base, from which draw 
a straight line to the summit; this 
will be the axis of the pyramid or 
cone. From the axis cut off one- 
Fig. 29. fourth of its length, beginning at 
the base; this will give the centre required. 

VII. Any Polyhedron or Plane-faced Solid. — ^Divide it 
into pyramids; find their centres and measure their volumes; then 
treat the whole solid as a compound figure, by the rules of Article 
2 of this Section. 

VIII. Truncated Pyramid or Cone. — ^Find the respective 
volumes and centres of magnitude of the entire pyramid or cone, 
and of the part cut off; then find the centre of the remaining part 
by the rule of Article 4 of this Section. 

IX. Circular ARa — In fig. 30 let A B be the arc, and C the 

centre of the circle of which it is part 
Bisect the arc in D, and join C D and A R 
Multiply the radius C D by the chord A B, 
and divide by the length of the arc A D B; 
lay off the quotient C E upon C D; E 
will be the centre of magnitude of the 
arc. 

X. Circular Sector, C A D B, fig. 30.— 
Find C E as in the preceding rule, and 
make C F = | C E; F will be the centre required 

XL Seotor of a Plane Circular King. — In fig. 31, let C B be 
the outer, and C A the inner radius of the ring. Divide twice 
the difference of the cubes of the outer and inner radii by three 
times the difference of their squares; the quotient will be an inter- 
mediate radius, C D, with which describe an arc, D E, subtending 
the same angle with the sector. The centre of magnitude, F, of 
the arc D E, found by Bule IX. of this Article, will be the centre 
required. 

XII. Circular Segment, A D B, ^g, 30. — Find the respective 
centres of magnitude of the sector C A D B, and the triangle 




Elg. 30. 
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CAB, wbich, being taken from the sector, leaves the segment; 
then, by the rule of Article 2 of this Section, find the centre of 
magnitade of the segmentb 





Fig. 82. 

XIIL Pauabouc Half-Segment. — In fig 32 O A B represents 
a half-segment of a parabola ; O A being part of a diameter parallel 
to the axis, and A B an ordinate conjugate to that diameter — that 
is, parallel to a tangent at O. Make O D = f O A, and draw 
D C parallel to A B and = f A B; will be the centre of magni- 
tade of the half-segment 

10. c^durea Fona^ hj Pamliei PrctieciioH.— By a paroUd pro- 
jection of a plane figure, or of a solid, is meant a figure resembling 
the original figure, but transformed by having its dimensions in 
one or more directions altered in given proportions, or by distortion j 
subject to the limitation — that to every set o/parcUld straight lines^ 
bearing given proportions to each other in the original figv/re^ there 
shall (xyiirespond a set of pa/raUd straight lines in the new figure^ 
hearing the same proportions to each other. For example, — all 
triangles are pai-allel projections of each other; so are all triangular 
pyramids ; so are all circles and ellipses ; so are all spheres, sphei-oids, 
and ellipsoids; so are all circular and elliptic cylinders; so are 
all conea 

RuLEL — The centre of magnitude of a plcme or solid ftgwrSy which 
is derived hy paralld projection from another ftgyre, is the paraUd 
projection of the centre of magnitude of the original figure. 

Remark. — It is to be observed that this rule applies neither to 
curved lines nor to curved surfieu^es, but only to plane areas and 
to solids. 

Examflel — Elliptic Sector, O C D*, fig. 33. Let O be the centre 
of the whole ellipse; A O A its greater, and BOB' its lesser axis. 
About O, with the radius O A, describe a circle, A B A B. This 
will be a parallel projection of the ellipse.* Through C and ly 
draw E CT C and F D' D parallel to O B, cutting the circle in 

• Because every ordinate of the ellipse, such as X Y', parallel to B', 
bears a constant proportion to the corresponding ordinate A Y of the cirde- 
viz., that of OB': OB. 
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C and D; join O C, O D; the circular sector O C D will be a 
parallel projection of the given elliptic sector. Find, by Rule X. 

of Article 9, the centre of magni- 
JL tude, G, of the circular sector ; and 

through it draw G H parallel to 

B O. Then 

O B : O F : : H G : H G'; 

and G' will be the centre of mag- 
nitude of the elliptic sector. 

11. TolHine S^rept by a IfEoTtnn 
plane. — Let the centre of magni- 
tude of a plane figure move along 
any path, straight or curved, and 
let the plane figure at every in- 
stant be perpendicular to the 
direction of that path ; the volume 
of the space swept through by the plane figure is the product of the 
area of that figure into the length of the path of its centre. 

If any part of the plane figure moves hackvxvrdsy the volume 
swept by that part is to be subtracted from the volume swept by 
the part that moves forwards, in estimating the volume swept by 
the whole figure. 




Fig. 33» 



Addendum. 
Table 7. — ^Regular Polygons. 



No. 

of 

Sides. 



Name. 



Side = z. 



Semi- 
diameter. 



Area. 



Semi-diameter = z. 



Side. 



Area. 



9 
lO 
II 
12 

13 

\l 

20 
24 



Triangle, or Trigon, . 
Square, or Tetragon, 

Hexagon, 

Pentagon, 

Hepte^n, 

Octagon, 

Enneagon, 

Decagon, 

Hendecagon, 

Dodecagon, 

Decatrigon, 

Decatetragon, 

Decapentagon, 

Deca^xagon, 

Icosagon, 

Icositetragon, 



0'5774 
07071 
0*8507 
i-oooo 

1 1524 

I '3066 
I '4619 
I -6180 
17747 
1*9319 
2-0893 
2*2470 
2*4049 
2*5629 
3 1962 
3-8306 



0*4330 
I -0000 
17205 
2*5981 

3*6339 

4-8284 

6-1818 

7-6942 

9*3656 

11*1962 

13*1858 

15*3345 

17-6424 

20-1094 

31*5688 

45*5745 



173205 
1*41421 
1*17557 

IXXXX)0 

0*86777 

076537 

0*68404 
0*61803 

0*56347 
0*51 ' 

0-44504 

0*41582 
0-39018 
0-31287 
0*26105 



>*5i764 
)*47863 



1-2990 
2*0000 
2*3776 
2-5981 

27364 
2-8284 
28925 
29389 

29735 
3*0000 
3*0207 
3*0371 
3*0505 
3*0615 
30902 
3*1058 
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The semifdiameter is measured from the centre of the polygon 
to an angle. 

To find the Side of a Regular Decagon hy Construction. — In fig. 
34 let A B be the semi-diameter of the 
decagon. Draw B C perpendicular to A B, 
and = ^ A B; join A C, from which cut 
off C D = C B; A D will be the side 
required. 

Tofindy very neoHy, the Side of a Regular 
Hepta>gon hy Construction, — In fig. 35 let 
A B be the semi-diameter of the heptagon. 
Draw the equilateral triangle A C B. Divide 
A B into 200 equal parts, and take the point 
D at 89 of those parts from one end, and 111 
from the other end of A B. Join C D ; this 
will be veiy nearly the side required, the error 
being practically inappreciable. 




Fig. 34. 




Table of Ehumbs (see next page). 



Folntai 


AngtoBEut 


32. N., 


...360" 


00' 


31. N.6.W., 


....348 


45 


30. KN.W., 


...337 


30 


29. N.W.6.N., 


....326 


15 


28. N.W., 


....315 


00 


27. N.W.6.W., 


....303 


45 


26. W.N.W., 


...292 


30 


25. W.6.K, 


...281 


15 


24. W., 


....270 


00 


23. W.6.S., 


....258 


45 


22. W.S.W., 


...247 


30 


21. S.W.6.W., 


....236 


15 


20. S.W., 


....225 


00 


19. aw.ft.s., 


....213 


45 


18. S.S.W., 


....202 


30 


17. S.6.W., 


,...191 


15 


16. S., 


....ISO 


00 



Of North. FolntB. 

0^ 00', 0. K 

11 15, 1. K6.R 

22 30, 2. N.N.K 

33 45, 3. N.E.6.K 

45 00, 4. N.R 

6^ 15, 5. N.E.fe.K 

67 30, 6. E.N.E. 

78 45, 7. E.6.N. 

90 00, 8. K 

101 15, 9. K5.S. 

112 30, 10. E.S.K 

123 45, 11. S.E.6.E. 

135 00, 12. S.E 

146 15, 13. S.E5.S. 

157 30, 14. S.S.K 

168 45, 15. S.6.E. 

180 00, 16. S. 



Quarter-point, = 2' 48' 45" 

Half-point, =5 37 30 

Three quarter-points, = 8 26 15 
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PAET IL 

MEASUREa 
Section I. — Measures of Angles. 

1. The Sezegwimai Sfstem of angular measurement is as follows : — 
1 revolution = 4 right angles =360 degrees; 1 degree = 60 
minutes; 1 minute = 60 seconds Seconds are usually subdi- 
vided into decimal fractions. As to circular measiMre, see Table 4 
in the preceding part of this work. 

2. The Nanticoi or BinaiT system used in the Mariner's compass 
is as follows : — 1 revolution = 32 points, each divided into halves 
and quarters; 1 point =11^ degrees (see preceding page). 

3. The Centesimal System of angular measurement is as follows : — 
1 revolution = 4 right angles = 400 grades; 1 grade = 100 
minutes; 1 minute =100 seconds. This system is found in some 
French works published towards the beginning of the nineteenth 
century, but is now abandoned. 

Section IL — Measures op Time* 

1. Sidereal Day.— The standard unit of time is the Sidereal Dat, 
being the period in which the eai*th turns once round on its axis. 
It is divided into sidereal hours, minutes, and seconds; but these 
measures of time are used by astronomers only. 

2. mean Hoiar Time.— A SECOND Is the time of one swing of a 
pendulum adjusted so as to make 86,164*09 swings in a sidereal 
day. Seconds are usually subdivided decimally. 

One MINUTE = 60 seconds. 
One HOUR = 60 minutes = 3,600 seconds. 
One MEAN SOLAR DAY =' 24 hours = 1,440 minutes = 86,400 
seconds = 1-00273791 sidereal day. 

3. Tean.— One TROPICAL YEAR = 365 days 5 hours 48 minutes 
49*7 seconds mean solar time, = 365*24224 mean solar days^ 
nearly. 

One COMMON year = 365 days. 
One LEAP year = 366 days. 
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Yean qf the Gregorian Oalendar. Days. 

Number of year in the Christian Era — 

Not divisible bj 4 without remainder, 365 

Divisible by 4, but not by 100, 366 

Divisible by 100, but not by 400, 365 

Divisible by 400 [but not by 4,000],* 366 

[Divisible by 4,000, 365] * 

4. ]>atea, CItU and AaCMMomicaL— The civil day is held (in 
Western Europe and in America) to commence at midnight. The 
astronomical day commences at noon of the civil day having the 
same designation; that is, twelve hours later than the civil day. 
The civil year is held to commence at midnight of the 31st of 
December of the year preceding; the astronomical year commences 
at noon of the 1st of January of the civil year. 

5. Relation between Time and l«engltader— At any given instant 
the mean solar time at two stations differs by an amount proportional 
to their difference of longitude, the time at the eastern station 
being the later. 

Corresponding Differences. 



Loi]gitQd& 


Time. 


Longitnda 


Time. 


15" 


I second. 


75^ 


6 hours. 


i' 


4 seconds. 


90 


<5 „ 


15' 


I minute. 


105 


7 » 


i^ 


4 minutes. 


120 


8 „ 


15° 


I hour. 


135 


9 » 


30 


2 hours. 


150 


10 „ 


45 


3 „ 


165 


II „ 


60 


4 „ 


180 


12 „ 



To show the exact date of any event, the meridian at which the 
time is reckoned must be specified. 

It is customary for civil and compiercial purposes to reckon time 
at all places throughout Britain as for the meridian of Greenwich; 
local mean solar time being found for scientific purposes, when 
required, by calculation. 

At stations close to the two sides of the meridian of 180*^ there 
is necessarily a difference of a whole day in the dates corresponding 
to the same real instant, the date at the western side of that 
meridian being the later. The position of the meridian of 180° is 
purely arbitrary, depending on the position assumed for the meri- 
dian of 0% which is different in each different nation. 

6. ]>iTisiona of the Tear.— Intervals in days from the beginning 
of the first day of January to the beginning of the first day of each 
of the other calendar months : — 

* The rales in brackets are an improvement proposed by Sir John Herschel, 
which cannot come into operation until a.d. ^KK). 
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OommonYear. Leap Year. 



Common Year. Leap Year. 



January,... o o 

February,.. 31 31 

March, 59 60 

April, 90 91 

May, 120 121 

June, 151 152 



J^Jr., 

August, 

September,. 
October,.... 
November,. 
December, . 



181 
212 
243 
273 
304 
334 



182 
213 
244 
274 
305 
335 



A so-called "lunar** month is four weeks, or twenty-eight 
days.* 

Section III. — Measures of Length. 



1. The British staMdard Yard is the distance, at the temperature 
of 62° Fahrenheit, between two marks on a certain bar which is 
kept in the office of the Exchequer, at Westminster.t 

2. The French metre is the distance, at the temperature of the 
maximum density of water (or 4° Centigrade nearly), between two 
marks on a certain bar kept in the French Archives, and is approx- 
imately one ten-millionth part of the distance from one of the 
earth's poles to the equator. | The use of this measure, and others 
founded on it, is lawful in Britain, and a copy of the standard metre 
is kept in the Exchequer ofiice. 

3. British BleaMirea of lieogtii. — 

Statate Milefl. Metres. 

= T^iinr = 0*02539954 

xriTir 0-10159816 

T^TF 030479449 

ttW 0-91438347 

■s\ 20-11643634 

i 201-1643634 

I 1,609-3149072 

The Inch is subdivided — 

By artificers, sometimes into 12ths, or lines, but more 
commonly into binary divisions, as halves, quarters, Sths, 
16ths and 32ds. 
By mechanical engineers, into decimal divisions, as lOths, 
lOOths, l,000ths, and 10,000ths. 

* A mean lunation, or real lunar month, is approximately 29^, or more 
exactly, 29 '53059 mean solar days ; 235 lunations nearly = 19 years, — a period 
called a lunar or Metonic cyde, 

t See ' * Weights and Measures Act,'' 1855. Official copies of the standard 
yard are kept at the Royal Mint, London, the Eoyal Observatory; Greenwich, 
the Rooms of the Royal Society of London, and the Palace of Westminster. 

t The distance from the pole to the equator is not exactly the same on 
different meridians. 

§ An inch is almost exactly one 500,500,000th part of the earth's pdar 
axis. 





Inches. 


Feet 


Tarda. 


Inch§ 


= I 


= T*^ 


= lAr 


Hand 


4 


i 


i 


Foot 


12 


I 


i 


Yard 


36 


3 


I 


Chain 


792 


66 


22 


Furlong 


7,920 


660 


220 


Mile 


<53,3<5o 


5,280 


1,760 
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The Hand is used for heights of horses and girths of spars. 

The Foot is subdivided decimally by civil engineers. 

The Yard, in Cloth Measure, is subdivided binarily, into 

halves, quarters, half-quarters, and nails, or IGths of a 

yard. An English Ell is 1^ yard, or 45 inches. 
The Chain, in Land Measure, is subdivided into 4 poles or 

perclies (each of 5^ yards) and 100 links (each of 7*92 

inches). 
A Fathom is two yards. 

The Geographical, Nautical, or Sea Mile, or Knot, depends 
on the dimensions of the earth, which are known approximately 
only. The following are estimates of its value : — 



Mean length of one minute of 
longitude at the equator; 
being the nautical mile by 
Admiralty Begulation, 

Mean length of one minute of 
latitude, 



^«o* ®Mn2® Metros 

'^^"ly- i^ij. »®»''iy- 

6,o86J 1-1528 1,85s 

6,076^ 1-1508 1,852 



A League is three nautical miles. 

The nautical mile is sometimes subdivided into 10 cables and 
1,000 fathoms; the fathom thus obtained being about one-80th 
part longer than the common fathom. 

4. FreMch metrical REcaMUrM of l^eagtli. — 

Metros. British Measures. 

Millimetre, o-ooi = 0-03937079 inch. 

Centimetre, o-oi 

Decimetre, o-i 

Metre, i = 3*2808992 feet. 

Decametre, 10 

Hectometre, 100 

Kilometre, 1,000 = 0-6213824 mile. 

Myriametre, 10,000 

The French nceud, or nautical mile, is the same with the 
Bi-itish. 

5. Old Scottish and Irish IHeasares of Xjcngth. — 

The Irish Perch = 7 yards = ^ imperial perch. 

The Irish Mile = 320 Irish perches = 2,240 yards = ^- 

statute mile. 
The Scottish Inch = 1-0162 imperial inch. 
The Scottish Ell = 37 Scottish inches = 37*06 imperial inches 

= 3-0883 imperial feet. 
The Scottish Fall r: 6 Scottish ells = 18-53 imperial feet 



94 



MEASUBES. 



The Scottish Mile = 320 fells = 1,920 ells = 5,929-6 imperial 
feet = 1*123 statute mlla 

Each of those miles was divided into 8 furlongs, and 80 
chains. 

As to Scottish measures, see Buchanan's Weights and Measures^ 
Edinburgh, 1829. 

6. Tariom BIcaMncs of ] 



United States, as in Britain. 

Hath or haut (cubit), 

Cobs (mile) = 4,000 cubits,... 

Russia — 

Foot = 12 inches, 

Sashen or sag^ne, 

Yerst (500 sashen), 

Prussia, Denmark, Norway— 

Foot =3 12 inches, 

Buthe (rod) = 12 feet, , 

Mile = 24,000 feet, 

Austria — 

Foot = 12 inches, 

KJafter = 6 feet, 

Mile = 24,000 feet, 

German geographical mile, ..< 

German sea-mile, 

Sweden — 

Foot = 12 inches, 

Fathom = 3 ells = 6 feet,. 

Mile » 6,000 &thoms, 

Netherlands— 

Palm, 

EUe, 

Myle, 

Belgium, Italy, Portugal, 
Spain — French Metric Mea- 
sures. 

China — 

Chih (foot), 

Chang = 10 chih, 

Li= 180 chang, 

Old French foot = 12 inches = 

144 lines, 

Old French Toise = 6 feet, 



Britisl^Measiirea. 

i8 inches. 
I 6,ooo feet. 
( = I '136 stat mile. 

I foot. 
7 feet. 
3,500 ., 

I -02972 foot. 
12-35664 feet. 
(24,713-28 
\ = 4*6806 Stat, miles. 

1-037x3 foot. 
6*22278 feet 
124,891*12 

\ = 4*142 stat. miles. 
4 geographical miles. 
I geographical mile. 

0*97410 foot. 
5-8446 feet. 
35,067-6 „ 

= 6*6116 stat. miles. 

3-937079 inches. 
3-2808992 feet 
3,280-8992 
= 0*6213824 statmil. 



I •054 foot. 
10*54 feet 
1,897 feet. 
= 0-3593 stat mile. 

1*06577 foot 

6*39462 feet 



Metxea. 

0*4571917 
1,828-767 



0*30479449 
2*13356143 
1,066-78 

0*31385 
3*7662 



7,532-4 



O-31611 
1*89666 

7,586*64 

7,408 nearly. 
1,852 nearly. 

0*2969 
1-7814 



j- 10,688*4 



o-i 
i-o 



1,000 



0-32125 
3*2125 

578*25 

0-32484 
1-94904 



For the measures of leDgth used in various States of Germany, 
see der Ingenieur, by Dr. Julius Weisbach. 



MEASURES 07 AREA. 
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Section IV. — Measures of Are.!. 



1. BrftUh Ifle 



BrMi of Aren. — 



Used in Science and in Enoi- 

nbering — 
Sq. inch (decimally subdivided), 

1 loot X 1 inch, 

Square foot (decimally or duo- 

dedmally subdivided), 

Square yard, 



Square mile, 

Land Measure — 

Perch, 

Sq. chain (= 10,000 sq. links), ... 

Eood = 40 perches, 

Acre = 4 roods = 10 sq. chains, 
Used in the Arts — 

Square (of roofing or flooring), 

Eood (face of masonry), 

Bod (face of brickwork), 



Sq. Inches. Sq. Feet 



I 

12 

} 144 

I,2Q6 
Sq. Yarda. 
3,097,600 

484 
1,210 
4,840 



36 



17 



27,878,400 

272J 
4^356 
10,890 
43.560 



100 

324 
272 



Bq. Metres. 

otX)o645i37 
0-00774164 

0*0928997 

0-8360973 
2,589,895 

25 -292 

404-671 

1,011-678 

4,046711 

9-28997 
30-0995 
25-2687 



Fiench Metric Mc 



Science and 
Engineering 


Land. 


Sqnare Metres. 


Sq. millimetre,... 




OX)OOOOI 


Sq. centimetre,.. 




OOOOI 


Sq. decimetre,... 




001 




Miiiiare, 


o-i 


Sq. metre, = 


Centiare, 


i-o 




Dedare, 


10 


Sq. decametre,= 


Are, 


100 




Decare, 


1,000 


Sq.hectometre,= 


Hectare, 


10,000 



British Measures. 

=0*00155006 s^. inch. 
0-155006 s^. mch. 
15*5006 sq. mches. 

1*07643 sq. foot. 
10-7643 sq. feet 
107-643 sq. feet. 
1,076-43 sq. feet. 
10,764-3 sq. feet. 
107,643 sq. feets 2*471 14 acres. 



3. Old flc«ttteh and Irish MMud ITIeanireB. — Irish acre = 4 rOods =» 

196 
160 perches = 70,560 square feet = :j-^, or 1*6198 imperial acre. 

Ul 

Scottish acre = 4 roods = 160 falls =54,937 square feet =1-2612 

imperial acre. 

4. Tarloa* IHeaMires of Area*— 



United States, as in Britain. 
Bqssia — 

Sqnare foot =144 sqnare in.,. 

Square sashen =49 square ft., 

Des8atine= 2,400 sq. sashen,. 



British Measnrea 



I square foot. 
49 square feet. 
117,600 

=2-69977 acres. 



Sqnare Metres. 



I 10,925 



0-0928997 
4-55208 
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Varioxts Measures of Abj^a— continued. 



Prussia, Denmark, Norway— 
Square foots 144 square in.,. 
Square ruthe s 144 square ft., 

Morgexi=180 square ruthen, 

Austria — 

Square ft. =144 square in.,... 
Square klafter = 36 square ft., 

Joch= 1,600 square klafter,... 

Sweden — 
Square ft. = 144 square in., ... 

Tunnland=66,000 square ft, 

Netherlands — 
Square elle, 

Bunder = 10,000 square ellen, 

Belgium, Italy, Portugal, 
Spain — French Metric Mea- 
sures. 

Old French square foot = 144 
square inches, 



British Measnies 

1*06033 sq. foot. 
152-6875 sq. feet. 
/ 27,483-75 
(. =0-63094 acre. 

1-07564 sq. foot. 
38*723 sq. feet. 

/ 61,957 _ „ 
i =1-47366 acre. 

I 53,13 

10*7643 sq. feet, 
f 107,643 
I =2*47114 acres. 



0*94887 sq. foot. 
53» 13672 sq. feet 
= 1-21977 acre. 



Square Metrw. 

0*09850 
141-85 

; 2,553*3 

0*09993 
3*5975 
} 5,756 

0*08815 
} 4,936-4 



} 



1*13585 sq. foot 



ixxxxxy 
10,000 



0*10552 



Section V. — Solid Measures. 



1. British S«lld 



Cubic inch (subdivided decimally),.. 

1 footx 1 inchxl inch, 

1 footxl footxl inch, 

Cubic foot (subdivided decimally or ' 

Duodecimally, 

Cubic yard, 

Load of hewn timber, 

Rood of masonry (=36 square yards 

face X 2 feet thick), 

Rod of brickwork (= 272 square feet 

face X 134 inches thick), 

Ton of displacement of a ship, 

Ton registered of internal capacity of 

a ship, 

Ton, shipbuilders' old measurement,... 



Cable Inchea 


Cubic ft 


Cubic Metres. 


I 


W^ 


0*000016386 

0*00019663 

0*0023596 


12 

144 
I 1.728 


t 


I 


0-0283153 


46.656 

-^ Cubic yard& 
> 24 


27 

50 

648 


0-7645131 
I-415765 

18-348 


} "i 


306 


8-664 




35 


09910355 


«••••• 


100 


2-83153 


■••••• 


94 


2-66164 



SOLID MSASUBES— WXIGHTSL 
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2. — ^FvMich Mdrlc tMUL BIc 



Science and 
Engineering; 

Cnbic millimetre, 
Cubic centimetre, 
Cubic decimetres 



Cubic metre..... = 
Cubic decametres: 



Trade. 



Millistere, 
Centistere, 

Decistere, 

Stere, 

Decastere, 

Hectoetere, 



Kilostere, i,ooo 



Gnblc Metrae. 

OtXXXXXX»I 

O'OOOOOI 

0"00I 

O'O'I 

O'l 

i-o 

10 
lOO 



British MeMuraa. 

0*0000610271 cubic i 
0*0610271 „ 

61*0271 „ 

610*271 „ 

(6,102*71 „ 

i =r 3*53166 cubic feet. 
35-3566 
3S3-J66 
3i53i'66 „ 

3Si3i6*6 



3. Tarimia 8«lidl Me 

Unitkd States, as in Britain. 

BussiA, cabic foot, 

Pbussia, Denmark, Nobway, cubic ft, 

Afstbia, cubic foot, 

Sweden, cubic foot,.. 

Netherlands, cnbic eUe, 

Beloiuh, Italy, Portugal, Spain — 

French metric measures. 
Old French cubic fbot^ 



British Oobic Feet 

I* 

1*09184 

1-II557 



35 



1?S 



1*21056 



Oablo MetTML 

0*0283153 

0*03092 

ot)3i59 

0*02617 

1*00000 



ot>3428 



Section VI. — Measubes op Weight. 



1. The fltandard Peutdi ArmMLmpmU is the weight, at the temper- 
ature of 62^ Fahrenheit, and under the atmospheric pressure of 
30 inches of mercury, in the latitude of London, and at or near 
the level of the sea, of a certain piece of platinum which is kept in 
the Exchequer Office at Westminster. 

2. The Standard KilogTaaime is the Weight, at the temperature 
of the maximum density of water (about 4^^ Centigrade), and under 
the atmospheric pressure of 760 millimetres of mercury, in the 
latitude of Paris, of a certain piece of platinum which is kept in 
the French Archives. The use of weights founded on this standard 
is lawful in Britain, and a copy of it is kept in the Exchequer 
Office.* 

In the tables of the following articles the relative values of the 
pound avoirdupois and kilogramme are taken from Professor 
Miller's paper ''On the Standard Pound" in the FhUosophical 
TraneacUana for 1856. 

* The kilogramme was at first intended to be the weight of a cubic 
decimetre of pure water at its maTimnm density; but it is in £BU)t about 

xwAfvP«rtl«M- 

H 



98 



1CIEA8UKB& 



•rWeigktr-- 

Graiaa 



Atoikditfois Wkioht— 

Dram, « 

Ounce =3 16 diams, 

Pound a 16 ounces, 



Stone, 

Quarter = 2 stone^ 

Cental, 

Hundi^edweiglit = 8 stone 

Ton = 2cwt, 

Tboy and Apotheoabibs' 
Weight — 

Grain, 

Scruple (Apoth.), 

Pennvweignt (TVoy), 

Drachm (Apoth.) = 3). 
scruples > 

Ounce = 20 dwt. ) 
= 8 drachms,./ 

Pound = 12 oz., 

Diamond Weight— 

Diamond erain, 

Carat = 4 manumd grains. 



27-34375 
437*5 
7,ooo 

Ton. 

0*00625 

0*0125 



0*05 

I 

Graina 

I 
2p 
24 
60 

480 
5.760 

o*8 
3-2 



LbB. 
Aroirdupols. 

oxx)39o625 
ox>625 

I 

14 

28 
too 

112 
2,240 



000285714 

ox)0342857i 
0-00857143 
0*06857143 
0-82285714 

tAt 
Tnnr 



GrEintn6flL 

17718463 

28-3495408 

4535926525 

6,350*297135 
12,^00*59427 
45»359*26525 
5o,8o2*377c« 
1,016,047*5416 

0^)6479895 
1*295979 
1*5551748 
3*887937 
31-103496 
373*241952 

0*05183916 
020735664 



4. French Blelric IXKtmmmnm of Weight.— 



Granuuea 
o*ooi 

O*0I 

o*i 

1*0 = 

10 

100 

1,000 = 

10,000 

100,000 

1,000,000 = 



Milligramme, 

Centigramme, 

Decigramme, 

Gramme, 

Decagramme, 

Hectogramme, 

Kilogramme, 

Mynagramme, • 

Quint^ 

Tonneau (in shipbuild-^ 
xng) ormillier,.... f 

5, Tarlons Blcaaaree of Weight.-— 

IJkited States, as in Britain, with the 
following exception: — 

Quintal, 

EussiA— 

Pound = 32 loth = 96 solotnik, 

Berkowrtz = 10 pud = 400 pounds,... 
German Zollyebein, Denmark, Nor- 
way — 

Pound, 

Centner = 100 pounds, 

Attstria^ 

Pound = 32 loth, 

Centner = 100 pounds^ 



British Measuiea. 



15*43234874 graiM- 
2*20462125 lbs. avoirdupois. 

0*9842059 ton. 



British Measureg. 

100 lbs. 

0*90283 
361*132 



1*10231 
110*231 

1-2346 
123*46 



GrammeaL 

45,359-26525 

409-52 
163,808* 



500- 
50,000- 

560*012 
56,001*2 
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Various Meabubbs ov WxtaBT-^ontimted, 

British MeMuna. 



SWEPBK — 

Skalpund = 32 loth, 

Skeppimd = 400 skalpund, ^.. 

Netherlands — 

PoDd = 10 OnoenslOO Looden=l,000 ft 

Wigtjes, ^ i 

Belgium, Italy, Spain, Portugal — 

French Metric Measures. 
China — 

Gin or Catty = 16 tael or lyang, 

Picol = 100 catties, 



0-9377 
37S-o» 

2*20462 



1 4 lb. avoir. 
1334 ,. 



Gnmsiei. 
425-3395 
»7o,i35*8 

1,000* 



60479 

60;479. 



Section VII. — Measures of Capactpt. 

1. The SiaMdard GaOmi is the volume of 10 lb& aYoii'dupois of 
pure water, at the temperature of 62^ Fahrenheit^ and under the 
atmospheric pressure of 30 inches of mercury. At that tempera- 
tare tae volume of water is 1*001122 times its minimum volume. 

2. The siMidai^ uira is the volume of a kilogramme of pure 
water, at its temperature of maximum density (about 4^ Centigrade), 
and under the atmospheric pressure of 760 millimetres of mercuiy. 
It was originally intended to be a cubic decimetre, but is about one 
120,000th part less, or 0*999992 cubic decimetre. 

3» Brittoli iHeasavcs mt Capacity' — 



Gill, 

Pint = 

Qnart » 

Pottle = 

Gallon s 

Peck 

Bnahel s 

Qoarter = 



4 gills, 

2 pints, 

2 quarts,... 

2 pottles, .. 

2 gallons,.. 
4 pecks,.... 
8 Dushds,. 



Gallons. 



0-03125 
0*125 
0*25 
o*5 



2 
8 
64 



litres. 



0*141907 
0*567628 

1-135255 
2*27051 

4*54102 

9*08204 

36-32816 

290*62528 



British SdidMMsnra, 
nearly. 

8*660 cnb. inches. 
34640 
69280, 
138-5615 
277-123 

=0*160372 cub. foot . 
0*320744 
1*282976 „ 
10*263808 cub. feet. 

A tun of ale = 2 butts = 4 hogsheads = 216 gallons = 980*86 
litres. 

A ton of sea-water = 35 cubic feet ^ 218| gallons nkirly = 
991*04 litres. 

• Apothecaries' Fluid Measure. — 

Minim = 

fluid drachm = 60 minims, 

Fluid ounce = 8 fluid drachms, 

Pint =s 16 fluid ounces, 

Gallon ss 8 pints, 



CnUcIndiea 

0*00376 
0*2256 

28*8750 
231*0000 



litres 

0*0000616 

0*003697 

0*029572 

0-473I54 

3785235 



* This is the correct volume of 10 lbs. of pure water at 62^ Fahr., and is 
therefore the true value of 4 gallon in cubic inches. By a former act of 
Padiament, since repealed, a gulon was declared to be 277*274 cabio inches. 



100 



1CXASUBB8. 



MUlilitre,.. 
Centilitre,. 
Decilitre,.. 



litre,,.. 
Hectolitre,.. 
Kilolitre, ... 
Myrialitre,. 



•r CnprneUf. 


^ 


litiea. 


CoUoIhehae. 


O-OOI 


• a. 


OOI 


... 


OI 


... 


!• = 


.6ix>266 


lO 


... 


lOO 


... 


i,ooo 


... 


IO,OCX> 


••■ 



G«noiuL 



o '220215 



5. Tarioas REeaMires of €ap«ellj« — 

Unitsd States, as in Britain. 
BussiA — 

Vedro == 10 kruschki = 750'568 cubic inches = 

Pbussia— - 

Quart or Viertel ( = 64 Pnissian cubic inches), 

Ozhoft = H ohm = 3 eimer = 6 anker = 180 quart, 

Tonne = 4 scheffel = 64 metzen =» 192 viertel, 

A.USTRIA"""" 

Maass = 40 seidel = 80 pfiff = 0*0448 Austrian], 
cubic foot, j 

Eimer =s 40 maass, 

Sweden — 

Kann ( = 0*1 Swedish cubic foot), 

Am s 60kannar, 

Netherlands— 

Kan (subdivided decimally), : 

Old Scottish gallon - 8 pmts =» 16 chopins = 32 
mutchkins s 128 gUls, 



} 



G«lloiiaL 
2-70843 

0*25215 
45*387 
48-413 

0*3116 
12-464 

0-57635 
34-581 

0*220215 
30651 



litres. 

12*299 

1*145 
206*1 
219*84 



1*415 
56-6 

2*617 
157*02 

I 

13*9187 



Section VIII. — Measures op Value. 

1. The FlneneM of Gold and Silver Coins means the proportiou 
of the precious metal which they contain, and is generally expressed 
in thousandths of their total weight. The fineness of gold coins 
is also expressed in coroto, or 24ths of their total weight 

The fineness of British gold coins is 22 carats, or 0*916|; of 
British silver coins, 0*925; and of the coins of most other nations, 
0*900. 

2. The Ponnd Starling is the value of the 

pure gold in a sovereign, viz., 113*001 grains. 

The alloy in a sovereign consists of copper,... 10*273 „ 

Full weight of a sovereign, 123*274 „ 

Fineness, 22 carats = 0*916|. 

Least legal tender weight, 122*75 „ 

Current weight, or least weight received at 

par at the Bank of England, 122*5 „ 



MEASUBBS OF TALUE. 
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3. The Frmne is the value of i'5 grammes of pnre silver; which 
being alloyed with 0*5 gramme of copper, the full weight of the 
coin is 5 grammes. The fineness is 0*900. The Italian Uvm is 
equal to the franc in weight, fineness, and value. 

4. The German VmImi ]»«ii«r (Yereinsthaler) is the value of ^ 
of a Zollpfimd f = ^ of a kilogramme, or 257*2 grains) of pure 

silver, to which is added r of its weight of alloy, the fineness 

being 0*900. 

5. The CoaipanitlTe Talae of moneys in different countries 
fluctuates with the rate of exchange^ and cannot be stated exactly. 
A conventional estimate of the average comparative value of the 
moneys of two countries is called par. A few rates of exchange at 
par are given in the following table. For fm*ther information, 
reference may be made to M'Culloch's Commercial Dic6ionarif, and 
Kelly's Universal Cambiet, 



£ sterling. 
I -00000 



British Pound sterling s 20 shillings T 

= 240 pence = 960 farthings, j 

French and Belgian Franc = 100 ) 

centimes = Italian lira, j 

American Dollar = 100 cents, 

Russian Rtihle = 100 kopeks,... 0*15625 

German rerein«<^a^(TJnion Dollar), ^ 

= Prussian thafer = 30 sUberg- 

roschen = 360 p/ennige, 

Austrian Gulden (Florin) = | vere- 

insthaler = 100 neukreutzer, 

South German Gtdden (Florin) =* 

4 vereinsthaler = 60 kreutzer = 

^4:0 pfennige, 

Netherlandish Gulden, Guilder (or 

Florin) = 100 cents, 

Danish Bigthankdaler = 96 skil- 

ling, 

Norwegian Speciesdaler =120 skil- 

ling, 

Swedish Eiksdaler=slOO ore {species- ) 

daler = 4 riksdaler), J 

Portuguese Milreis = 1,000 reis, 



; 



0-03965 
0*20548 



0*14493 

0*09662 

0*08282 

008333 
0-10984 
0*21968 



0*05479 
0-2354 



Spanish Duro (Dollar) = 20 reales, 0*2083 

British Indian Rupee =16 anrwa = ) /^.nA-**. 
192 pice {lac =^ 100,000 rupees),... ] ^ °^^' 



Fnnca. 
25*220 

I'OOO 

5-182 
3941 

3^555 



2-437 



2-089 



2*102 
2*770 
5540 
I -382 

5937 
5*254 

3-338 
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SEcnov IX. — ^Mkasubes of Speed, HsAYiNEsay Frebsubi^ 

WOBKy AND POWSB. 

1. 0peM or TiilBiHj of adyanoe is expressed in units of length;, 
per unit of lame. 

Compariaon <^ Different Meouum of VdocUy. 





MSea 
perhoiK 


Foot Feet Feet 
peraecond. perminata perhoar. 




I 


= 1-46 =88 = 5280* 




0*6818 


= !• =60 = 3600 




ox>ii36 


= 0-016 = I =60 


nautical mile'^ 


0*0001893 


= 0*00027 =* o-oi6 = 1 


per hour, orf- 
"knot," j 


= 1-1508 


= 1*688 = 101*275 = 6076 J 



The units of time being the same in all civilized countries, the 
proportions amongst their units of velocity are the same with those 
amongst their linear measures. 

2. 8pm4 of Twmdm^ or Aagidar TdMiiy* is expressed in turns 
per second, per minute, or per hour, or in circidar measure per 
eecond. 

To convert turns into circular measure, multiply bj 6*2832 
To convert circular measure into turns, multiply by 0*159155 

Comparison 0/ IHffereni Meanares qf Angtd^ Tdodty. 



Ciica1«rMeMnre 


perseoond. 


Tarns 
perminata 


Toms 
perhoar. 


I 

6*2832 

0*10472 


OI59155 

I 

0*016666 


9*5493 
60 

I 


572958 
3600 

60 


0*001745 


0*000277 


001666 


I 



3. VcaTiiMM is expressed in units of weight per unit of volume; 
as pounds to the cubic foot, or kilogrammes to the cubic metre. 
(See Section XI.) SiiecMc OraTity is the ratio of the heaviness of 
a given substance to the heaviness of pure water, at a standard 
temperature, which in Britain is ^^ Fahr., and in France the 
temperature of the maximum density of water. To convert 
specific gravity, as estimated in Britain, into heaviness in lbs. to 
the cubic foot, multiply by 62*355. 

In metric measures the specific gravity of a substance is equal 
to its heaviness in kilogrammes to the litre (or cubic decimetre 
very nearly). 
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4 The iBcmultr af PvMMira is expressed in units of weight on 
the unit of area, as pounds on the square inch, or kilogrammes on 
the square metre; or by the height of a column of some fluid; 
or in aJbmwpkereSy the unit in this case being the average pressure 
of the atmosphere at the level of the sea. 

The following table gives a comparison of various units in which 
the intensities of pressures are commonly expressed. 

Pounds on tiia Pounds on th« 

Bquare foot Bquare inoh. 

One pound on the square inch,. ... 1 44 i 

One pound on the square foot, i tH 

One inch of mercur7(that is, weight 

of a column of mercury, at 32° 

Fahr., one inch high), ••• 70*7275 0*491163 

One foot of water (at aO**'! Fahr.^ 62*425 0-4335 

One inch of water, 5*2021 0*036125 

One atmosphere, of 29*922 inches 

of mercury, or 760 millimetres, 2,116*3 14*7 

One foot of air, at 32^ Fahr., and 

under the pressure of one atmofr* 

phere, 0*080728 0*0005606 

One kilogramme on the square 

metre, 0*20481 0*00142228 

One kilogramme on the square 

millimetre, 204,810 1,422*28 

One millimetre of mercuxy, 3*7847 0*01934 

Comparimm of Heads of Waier in Feet, with Pressures in 

Various Units, 

One foot of water at 52''*3 Fahr. = 62*4 lbs. on the square foot 

„ „ 0*4333 lb. on the square inch. 

„ „ 0*0295 atmosphere. 

,, „ o*8823inchof mercury at 32®* 

( feet of air at 32°, and 
» " ''^' \ one atmosphere. 

One lb. on the square foot, 0-016026 foot ofwater at 52**3 

Fahr. 

One lb. on the square inch, 2*308 feet of water. 

One atmosphere of 29*922 inches > _ ^. . 

of mercury, / ^3 9 

One inch of mercury at 32**, i*i334 m m 

One foot of average sea water,. .... i '026 foot of pure water. 

5. w«ffk is expressed in units of weight lifted through an unit 
cf height; as in lbs. lifted one foo^ called foot-pounds; or 
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kilogrammeB lifted one metre, called hUogramtMiTes. (See Section 
XL of this part) 

A kilogrammetre is 7*23314 foot-pounds. 
A foot-pound is 0*138253 kilogrammetre. 

6. Power is expressed in units of work done in an unit of time; 
as in foot-pounds per second, per minute, or per hour; or in 
conventional units called horw-power. 

One Horae-Power, British measure, s 550 fL-lbs. per second 
= 33,000 ft. -lbs. per minute = 1,980,000 ft.-lbs. per hour. 

One "Force de Gheval,^* French measure, = 75 kilogrammetres 
per second = 542^ ft. -lbs. per second nearly = 0*9863 
British horse-power. 

One British horse-power = 1*0139 force de cheval. 

7. The Statical Hamenc of a given weight relatively to a given 
vertical plane is the product of the weight into its horizontal 
distance from that plane, and is expressed in the same sort of 
units with work. 

Campariaan 0/ Measures of Statical Moment. 

Kilogrammetres. 

Inch-lb. = 0*011521 

12 = I Ft -lb. = 0*138253 

112= 9i= ilnch-cwt.= 1*29036 

1,344= 112 = 12= I Foot-cwt. = i5'4843 

2,240= 186}= 20= i|= I Inch-ton = 25*8072 

26,880 = 2,240 = 240= 20 =12 = 1 Foot-ton = 309*687 

8. AbMinte Units of Farce.— The << Absolute Unit of Force" is 
a term used to denote the force which, acting on an unit of mass 
for an unit of time, produces an unit of velocity. 

The unit of time employed is always a second. 

The unit of velocity is in Britain one foot per second; in 

France one metre per second. 
The unit of mass is the mass of so much matter as weighs one 

unit of weight near the level of the sea, and in some 

definite latitude. 
In Britain the latitude chosen is that of London; in France, 

that of Pari& 
In Britain the unit of weight chosen is sometimes a grain, 

sometimes a pound avoirdupois; and it is equal to 32*187 

of the corresponding absolute units of force. 
In France the unit of weight chosen is a gramme, and it is 

equal to 9*8087 of the corresponding absolute units of force. 

The proportions borne to each other by the absolute units of 

force in different countries are nearly the same with those of the 

units of work (see Article 5 of this Section), and would be exactly 
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the same but for the variation of the force of gravity in the 
latitude. Gravity is about 1*00017 times greater in London than 
in Paria 



Section X.— Measures of Heat. 

1. Tcmpcnunve, or^ latenaitjr of Heat. — 

Stakbard Ponrrs- iSSSK'"^5^'S^2SSSr. 
Boiling point of water ) o © q o 

under one atmosphere, j 100 «o 

Melting point of ice, 32" o® o® 

^^^S^" nik.'::":.': } '^^«*- ^'^"-^ - ^^^^ - "9-«) 

9® Fahrenheit = 5' Centigrade := 4° E^aumur. 
9 
Temp. Fahr. = -r Temp. Cent. + 32" 



= - Temp. R^aum. + 32» 

5 5 

Temp. Cent = ^ (Temp. Fahr. — 32°) = j Temp. R6aum. 

4 4 

Temp. E^aum. = g (Temp. Fahr. — 32') = ^ Temp. Cent. 

2. <|iumiitic« of Heat are expressed in units of weight of water 
heated one degree; as in pounds of water heated one degree of 
Fahr. (the British unit of heat) : or in kilogrammes of water 
heated one degree Centigrade (the French unit of heat). 

One French unit of heat (called Calorie) = 3*96832 British units. 
One British unit of heat = 0*251996 French units. 

Quantities of heat are sometimes also expressed in wnita of 
evaporoition; that is, units of weight of water evaporated under 
the pressure of one atmosphere. 

Heat which evaporates one lb. \ 

of water under one atmos- > =966*1 British units of heat 

phere, j 

Heat which evaporates one ) ^ £ ^^ x. •^iM.x 

Idlognumne of water, | =53«-7 French units of heat 
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COHPABATITE TaBLE OF SCALES OF TeMPERATURB. 



Wthr. 

-58 

-49 
-40 

— 22 
-^3 

- 4 
+ 5 

14 
23 
33 
41 
50 

59 
68 

77 
86 

95 

104 

"3 
122 

131 
140 
149 

158 
167 
176 
185 
194 
203 
212 
221 
230 

239 
248 

257 
266 

276 

284 

293 

302 



Cent 

-SO 

-45 

-40 

-35 
-30 
-25 

— 20 

-15 

— 10 

— 5 
o 

+ 5 
10 

15 
20 

25 

30 

35 
40 
45 
50 
55 
60 

65 
70 

75 

80 

85 
90 

95 
100 

105 
no 

"5 

.T20 

125 
130 

135 
140 

145 
150 



-40 
-36 
-32 
-28 

-24 

— 20 
-16 

— 12 

- 8 

- 4 
o 

+ 4 
8 
12 
16 
20 
24 

28 

32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 

84 
88 

92 
96 
100 
104 
108 
112 
116 
120 



Fahr. 

3" 
320 

329 
338 
347 
356 
365 
374 
383 
392 
401 
410 
419 
428 

437 
446 

455 
464 

473 
482 
491 
500 

509 
518 

527 
536 
545 
554 
563 
572 
581 
590 

599 
608 
617 
626 

635 
644 

653 
662 
671 



Cent B^anm. 



155 
160 
165 

170 

175 
180 
185 
190 

195 
200 
205 
210 

215 
220 
225 
230 

235 
240 

245 
250 

255 
260 
265 

270 

275 

280 
285 
290 

295 
300 

305 
310 
315 
320 

325 
330 

335 
340 
345 
350 
355 



124 
128 
132 
136 
140 
144 
148 
152 
156 
160 
164 
168 
172 
176 
180 
184 
188 
192 
196 
200 
204 
208 
212 
216 
220 
224 
228 
232 
236 
240 

244 
248 
252 

356 
260 
264 
268 
272 
27^ 
280 
284 



Fahr. Cent B^nm. 



"680 
689 
698 
707 
716 
725 

734 
743 
752 
761 

770 

779 

788 

797 
806 

815 
824 

833 
842 

851 
860 
869 
878 
887 
896 

905 
914 

923 
932 
941 

950 
959 
968 

977 
986 

995 
1004 
1013 
1022 
1031 
1040 



360 288 



365 
370 
375 
380 



525 
530 
535 



393 
396 

304 



385 308 

390 313 

395 31^ 

400 330 

405 324 

410 328 

415 33» 

420 336 

425 340 

430 344 

435 348 

440 352 

445 356 

450 3^0 

455 364 

460 368 

465 37 a 

470 376 

475 380 

480 384 

485 388 

490 393 

495 39^ 

500 400 

505 404 

510 408 

515 41a 

520 416 



420 

424 
428 



540 43a 
545 436 



550 
555 



440 
444 



560 448 



CONYBBSIOK-TABLiaL 
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SEcnoH XL — Tables of Multipuebs fob CoisnrEBTiNO 
Measubbs. 



1. 



of 



Vmctl« 



HalTea.4tti8. WbM. 


letiuL 


9Mb. 


Dedmala. 


12UIB. etba. 4th& 8da Halvefl. 






I ... 


•03135 






I .. 


a ... 
3.- 


•06250 
•08333 •. 
•09375 


. I 


1 ... 


3 .. 


4 ... 
5... 


•12500 

•15625 
•16667 .. 


. 2 ... I 




3.. 


6... 
7... 


•18750 
•21875 




Z ... 3 ... 


4- 


... 
9... 


•25000 .. 
'38135 


. 3... 0... 1 




5.. 


10 ... 

11 ... 


•31250 
•33333 .. 
•34375 


. 4 ... 3 ... ... I 


3 ••• 


6.. 


13 ... 
13... 


•37500 
•40625 
•41667 .. 


. 5 




7.. 


14 ... 
15... 


•43750 
•46875 




I ... 3 ... 4 ... 


8 .. 


16... 
17 ... 


•50000 .. 
•53125 


. 6 ... 3 ... 3 ... ... I 




p.. 


. 18... 
19... 


•56250 
•58333 .. 
•59375 


• 7 


6... 


lO .. 


. 30 ... 
31 ... 


•62500 
•65635 

'6666^ .. 


. 8 ... 4 ... ... a 




11 .. 


32 ... 
23... 


•68750 
•71875 




3 ... 6 ... 


13 .. 


24 ... 
25... 


•75000 .. 
•78125 


. 9... 0... 3 




13.. 


. 26 ... 
27 ... 


•81250 
•83333 .. 
•84375 


. 10 ... 5 


7... 


14.. 


. 38 ... 
39... 


•87500 
•90625 
•91667 .. 


. II 




15.. 


. 30 ... 
31 ... 


•93750 
•96875 




3 ... 4 ... 8 ... 


16.. 


. 32 ... 


1*00000 .. 


. 13 ... C ... 4 ... 3 ... 3 
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The yalaes^ in decimals, of the binary fractions are exact Those 
of duodecimal fractions which are not also binary fractionff, are 
approximate only. 

2. naltivllcn r«r CMTcrtiiv Br 





A.-UBk8 

into 


R— Feet Into 


C—Sqnare 
links into 


D.— Sqnaro 
Feet into 






Feet 


Square Feet 


Square Links. 




I 


0-66 


1-5^515 


04356 


2-2957 


I 


2 


1-32 


303030 


0-8712 


4-5914 


3 


3 


1-98 


4*54545 


1-3068 


6-8871 


3 


4 


2 '64 


6 -0606 1 


1-7424 


9-1827 


4 


5 


330 


7-57576 


2-1780 


11-4784 


5 


6 


396 


9*09091 


2-6136 


13-7741 


6 


7 


462 


10-60606 


3-0492 


16-0698 


7 


8 


5-28 


I2'I2I2I 


34848 


183655 


8 


9 


5-94 


1363636 


3-9204 


20-6612 


9 


lO 


660 

E.~Hean 


I515152 

F.-^tatate 


4-3560 


22-9568 


10 




Miles Into 


Miles into Mean Q.— Tons 


H.-Lbs. 






Qeosiuphical 


intoLba 


into Tons. 




I 


1-151 


0869 


2,240 


•0004464 


I 


2 


2-302 


1738 


4.480 


-0008929 


2 


3 


3452 


2-607 


6,720 


•0013393 


3 


4 


4-603 


3476 


8,960 


•0017857 


4 


5 


5*754 


4345 


11,200 


-0022321 


5 


6 


6905 


5-214 


I3»440 


•0026786 


6 


7 


8056 


6083 


15,680 


•0031250 


7 


8 


9207 


6-952 


17,920 


•0035714 


8 


9 


10357 


7-821 


20,160 


•0040179 


9 


ID 


11-508 


8-690 


22,400 


•0044643 


10 




1— Tons 


J.-CuWcFeet 
into Tons 


EL— Lbs. on fhe 


L.— Lbs. on 






into 


Square Inch 
into Lbs. on the 


fhe Square Foot 
into Lb& on the 






Cabic Feet 


Square Foot 


Square Inch. 




I 


.35 


•02857 


144 


•00694 


I 


2 


70 


•05714 


288 


•01389 


2 


3 


105 


•08571 


432 


•02083 


3 


4 


140 


•II429 


576 


•02778 


4 


5 


ns 


•14286 


720 


•03472 


5 


6 


210 


•17143 


864 


•04167 


6 


7 


245 


•20000 


1,008 


•04861 


7 


8 


280 


•22857 


1,^52 


•05556 


8 


9 


315 


•25714 


1,296 


•06250 


9 


lO 


350 


•28571 


1,440 


•06944 


10 
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M.-LIW. Ayolr 


N.— Grains into C— OnWc Feet 


p.— Gallons into 


intoQraina. 


Lbs. Avoir. 


IntoQallona. 


Cubic Feet 


I 1, 


000 


0000142857 


6 


•2355 


0*16037 I 


2 14, 


000 


0000285714 


12 


•4710 


0-32074 2 


3 2I,000 


0-00042857 1 


18 


•7065 


0-481 12 3 


4 28, 


000 


0-000571429 


249420 


0-64149 4 


5 35, 


000 


0-000714286 


31 


•1775 


o-8oi86 5 


6 42, 


000 


0-000857143 


37-4130 


0-96223 6 


7 49, 


000 


0-00 1 000000 


43 


•6485 


1-12260 7 


8 56, 


000 


0-001142857 


49 


•8840 


1-28298 8 


9 63, 


000 


0001 2857 14 


46 


•I 195 


1-44335 9 


70,000 


0-00142857 1 


62 


•3550 


1-60372 10 


Q.— Yalnes of Dedmal Fractions of a Found Sterling In ShOlings and Pence. 


£ . 


8, 


d. 


£ 8. 


d. 


£ 8. d. 


•00 1 = 





0-24 


•01 = 


2-4 


•1 = 2 


•002 





0-48 


•02 


4-8 


-240 


•003 





072 


•03 


7-2 


•360 


*oo4 





096 


•04 


g6 


-480 


•005 





1-20 


•05 ] 




o-o 


-5 10 


•006 





1-44 


•06 ] 




2-4 


-6 12 


•007 





1-68 


•07 ] 




4-8 


-7 U 


•008 





1-92 


•08 : 




7*2 


-8 16 


•009 





2-i6 


•09 : 




g-6 


-9 i8 


B._Yalne8 of Farthings, Fence, and ShiUin 


gain 


Dedmal] 


S^ractions of a PouncL 


Farihinga. 




£ 






£ 


I 




'0010417 




1 


'05 


2 




•0020833 




2 


•10 


3 




•0031250 




3 


•15 


Penca 








4 


•20 


I 




•004167 




5 


•26 


14 




•006250 




6 


•30 


2 




•008333 




7 


•35 


3 




•012500 




8 


•40 


4 




•016667 




9 


•45 


4i 




•018750 




10 


•50 


5 




•020833 




II 


•55 


6 




•025000 




12 


•60 


7. 




•029167 




13 


•65 


Ik 




•031250 




14 


•70 


8 




•033333 




15 


•75 


9 




•037500 




16 


•80 


10 




•041667 




17 


•85 


loi 




•043750 




18 


•90 


II 




•04. 


5833 




19 


•95 



110 
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MSASUBESL 



4. MULTIPUBBS FOB CoUVJCKTUiG BbTTISH AND FbENCH 

Measubes. 





A.->MetNB 


R-Feet 


CL— Iffllimetres 








into 


into 


into 


into 






Feet 


Metres. 


Inches. 


IfiUimetresL 




I 


3-2809 


0-3048 


•03937 


25400 


I 


2 


6-5618 


0-6096 


•07874 


50-799 


2 


3 


9-8427 


0-9144 


•I181I 


76-199 


3 


4 


13-1236 


I-2192 


•15748 


101-598 


4 


5 


16-404S 


1-5240 


•19685 


126-998 


5 


6 


19-6854 


1-8288 


•23622 


152-397 


6 


7 


22-9663 


2-1336 


•27560 


177-797 


7 


8 


26-2472 


2-4384 


•31497 


203-196 


8 


9 


29-5281 


2-7432 


•35434 


228-596 


9 


xo 


32-8090 


3-0479 


•39371 


253-995 


10 




R-Square Metres 
into 


F.— Square Feet 
into 


a.— Square 
Millimetres into 


H.— Square Inches 
into Square 






Square Feet 


Square Metre& 


Square Inches. 


Ifillimetrea. 




I 


10-764 


-0929 


•OOI5501 


64514 


I 


2 


21-529 


•1858 


•003 1 00 1 


1290-27 


2 


3 


32-293 


•2787 


•0046502 


1935-41 


3 


4 


43-057 


•3716 


•0062002 


258055 


4 


5 


53-821 


•4645 


•0077503 


322568 


5 


6 


64-586 


•5574 


•0093004 


3870-82 


6 


7 


75-350 


•6503 


•0108504 


4515-96 


7 


8 


86-114 


•7432 


•0124005 


5161-IO 


8 


9 


96879 


•8361 


•0139505 


5806-23 


9 


lO 


107-643 


•9290 


•0155006 


6451-37 


10 




L-OnUc Metres 


J^-OnWcFeet 


E.-OuUoMimmetres L.-<:hibio Inches 






into 


into 


into 


into 






OuWcFeet 


Cabic Metrea 


OuWc Inches. 


OufaLc Millimetres. 




I 


35-317 


•028315 


•00006103 


16836 


I 


2 


70-633 


•056631 


•00012205 


33672 


2 


3 


105-950 


•084946 


•00018308 


50508 


3 


4 


141*266 


•II3261 


•0002441 1 


67344 


4 


5 


176-583 


•I41577 


•00030514 


84180 


5 


6 


211-900 


•169892 


•00036616 


IOIO16 


6 


7 


247-216 


•198207 


•00042719 


117852 


7 


8 


282-533 


•226522 


•00048822 


134688 


8 


9 


317-849 


'254838 


'OOO54924 


151524 


9 


lo 


353-166 


'283153 


•00061027 


168360 


10 
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MULTIPUEBS FOR CONVERTING BRITISH AND FrENCH 

Measures — continited. 





M.— Orammes 


N.— Grains 


0.~-Kilogramm6S 


P.-Lba 






into 


into 


into 


into 






Grains. 


Grammes. 


Lbs. 






I 


15-4323 


•06480 


2*2046 


04536 


I 


2 


30-8647 


•12960 


4-4092 


09072 


2 


3 


46*2970 


•19440 


6-6139 


1-3608 


3 


4 


617294 


•25920 


8*8185 


1-8144 


4 


5 


77-1617 


'32399 


II*023X 


2*2680 


5 


6 


92-5941 


•38879 


13-2277 


2-7216 


6 


7 


108-0264 


•45359 


15-4323 


3^i75i 


7 


8 


123-4588 


•51839 


17-6370 


3-6287 


8 


9 


138-8911 


•58319 


X9-84x6 


4-0823 


9 


lO 


154-3235 


*64799 


22*0462 


4-5359 


xo 




Q.— Tonneaux 


R.— Tons 


S.-Litres 


T.— Gallons 






into 


_^into 


into 


into 






Tonai 


l^ipeanx. 


GaUons. 


Litrea 




I 


0*9842 


I 'OX 60 


0'2202 


4-541 


I 


2 


1*9684 


2*0321 


0-4404 


9-082 


2 


3 


2-9526 


3-0481 


0-6606 


13-623 


3 


4 


3.9368 


4*0642 


0*8809 


i8-x64 


4 


5 


4-92x0 


5-0802 


I^IOXX 


22-705 


5 


6 


5-9052 


6*0963 


1*32x3 


27246 


6 


7 


68894 


71123 


15415 


31-787 


7 


8 


7-8736 


8*1284 


1-7617 


36-328 


8 


9 


8-8579 


9*1444 


1*9819 


40-869 


9 


lO 


9*8421 


10*1605 


2-202li 


45-4x0 


10 



W.— Kilogrammes X— Lbs. on the 
IT.— Kilogrammetres V. — ^Foot-Lb& on the Square Square Inch into 
into into Millimetre into Lbs. Kilogrammes 

Foot-Lbs. Kilogrammetres. on the on the Square 

Square Inch. Millimetre. 



r 


7-233 


0*13825 


«I422 


•000703 


I 


2 


14-466 


0*27651 


2845 


•00X406 


2 


3 


21-699 


0-4x476 


4267 


•002109 


3 


4 


28-933 


0*55301 


5689 


•0028x2 


4 


5 


36-166 


0-69126 


7x11 


•0035x5 


5 


6 


43-399 


0*82952 


8534 


•0042X9 


6 


7 


50632 


0-96777 


9956 


•004922 


7 


8 


57-865 


1-X0602 


1X378 


•005625 


8 


9 


65098 


1-24428 


I280I 


•006328 


9 


10 


72-331 


1-38253 

I 


14223 


•007031 


10 
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MULTIPUEBS FOR CONVERTING BRITISH AND FUENCfH 

Measures — cantintiecL 





T.— Ellometros 


Z.— Miles 


AA.— Heotai^s 


BR— Acres 






into 


into 


into 


into 






Milea 


Eilometrea 


Acrea 


Hectarea 




I 


0-6214 


1*6093 


2-47" 


0-4047 


I 


2 


1*2428 


3-2186 


4-9423 


0-8093 


2 


3 


1-8641 


4-8280 


7-4134 


1*2140 


3 


4 


2-4855 


6-4373 


98846 


1-6x87 


4 


5 


3-1069 


80466 


12-3557 


2-0234 


5 


6 


37283 


96559 


14-8268 


2-4280 


6 


7 


4'3497 


11-2652 


17-2980 


2-8327 


7 


8 


4-9711 


12-8746 


19-7691 


32374 


8 


9 


55924 


14-4839 


22-2403 


3-6420 


9 


10 


62138 


16-0932 


247II4 


4-0467 


10 




CO— FranoB 


DD.— £ 


EE— Franca 


FF.— Pence 






into 


into 


into 


into 






£. 


Franca 


Pence. 


Franca 




I 


•03965 


25-22 


9-516 


0-10508 


I 


2 


•07930 


5044 


19033 


O-2IOI7 


2 


3 


•I1895 


75-66 


28-549 


0-31525 


3 


4 


•15860 


100-88 


38-065 


0-42033 


4 


5 


•19826 


126-10 


47-581 


0-52542 


5 


6 


•23791 


151-32 


57-098 


063050 


6 


7 


•27756 


176-54 


66*614 


073558 


7 


8 


•3172I 


201-76 


76-130 


0-84067 


8 


9 


•35686 


226-98 


85-646 


0-94575 


9 


10 


•39651 


252-20 


95-163 


1-05083 


10 



5. Conversion of Velocities. 





A.— MUes 


R— Feet 


C— Knots 


D.— Feet 






per Hoar into 


per Second into 


into 


per Second 






Feet per 


Miles per 


Feet per 


into 






Second. 


Hour. 


Seco^ 


Knota 




I 


1-467 


0-682 


1-688 


0-592 


I 


a 


2-933 


1-364 


3-376 


1-185 


2 


3 


4-400 


2-045 


5064 


1-777 


3 


4 


5-867 


2727 


6752 


2370 


4 


5 


7-333 


3-409 


8-439 


2*962 


5 


6 


8-800 


4-091 


10-127 


3*555 


6 


7 


10-267 


4773 


11-815 


4-147 


7 


8 


"733 


5-455 


13-503 


4-740 


8 


9 


13-200 


6-136 


15-191 


5-332 


9 


10 


14-667 


6-8i8 


16-879 


5-925 


10 
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CoNTEBSiON OF Yelocities — Continued. 



AngnUr Velocity. 





Metres per 
Second. 


F.-Metxes per 

Second into 

Knots. 


Second into Ifeasnre into 
Circular Measursi Tama per Second. 




1 

2 


0-5M4 

I -0288 


1*944 
3*888 


6*28 
12*57 


0*159 
0*318 


I 
2 


3 

4 


15432 
20576 


5832 
7*776 


1885 
25-13 


0*477 
0*637 


3 

4 


5 
6 

7 


25720 
3-0864 
36008 


9*720 
1 1 -664 
13*608 


31*42 
37-70 
4398 


0796 

0-955 
1*114 


5 
6 

7 


8 
9 


4-1152 
4*6296 


15-552 
17*496 


5027 
56-55 


1*273 
1*432 


8 
9 


lO 


S'M40 


19*440 


62*83 


1*592 


10 



6. CONTERSION' OF PbESSTJRES IN ATMOSPHERES. 





Lbs. on 


T.bR on the 


Enogrammes 


MiUimetres 


Inches 


Feet 


L.tmoS' 


the 


Square 
Foot 


on the 


of 


of 


of 


>herea 


Square Inch. 


Square Metre. 


Mercury. 


Mercury. 


Water. 


I 


14-7 


2I16 


10333 


760 


29*922 


33-9 


2 


294 


4233 


20666 


1520 


59-844 


678 


3 


44*1 


6349 


30999 


2280 


89-765 


ioi*7 


4 


58-8 


8465 


41332 


3040 


119*687 


135-6 


5 


73-5 


IO581 


51665 


3800 


149*609 


169*5 


6 


88*2 


12698 


61998 


4560 


179-531 


203*4 


7 


1 02 9 


I4814 


72331 


5320 


209*453 


2373 


8 


117-6 


16930 


82664 


6080 


239374 


271*2 


9 


132-3 


19047 


92997 


6840 


269*296 


305-1 


10 


147*0 


2I163 


103330 


7600 


299*218 


3390 
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PABT IIL 

RULES IN ENGINEERING GEODESY. ' 

Section I. — Rules depending on the Dimensions and Figure 
OP THE Earth. 

1. Earth** Principal i>tiiieiisioiui (according to Captain Clarke, 
Memoirs of the Royal Astronomical Society, Vol. xxix.) — Longitude 
of the earth's greater equatorial axis, about 14° east of Greenwich. 
Longitude of the earth's lesser equatorial axis, about 76° west of 
Greenwich, 

Feet Metres. 

Greater equatorial axis, 41,852,970 ^2,756,555 

Lesser equatorial axis, 41,842,354 12,753,320 . 

Mean equatorial diameter, 41,847,662 12,754,937 

Polar axis, 4Ij7^7j536 12,712,227 

Mean between mean equatorial ) o 

diameter and ^.olar aiis, 1 41,777,599 ",733,583 

In the present state of our knowledge, calculations of the eai-th's 
dimensions are not to be relied on beyond the fifth figure. 

2. miunte of liatitnde. — Length on the earth's surface corre- 
sponding to a minute of the mean meridian; 

in feet = 6076 — 31 cos • 2 latitude of middle of arc; 

in metres = 1852 — 9*4 cos • 2 latitude of middle of arc; 
(observing that cosines of obtuse angles have their signs reversed.) 
These formulae are correct, for any meridian, to the nearest foot, 
and to the nearest -nr of a metre. 

3. Minnte of PHme Tertical (being the great circle perpendicular 
to the meridian), 

. « 1221 4 + lengthof minute of meridian^ 
in tee u — — • s 5 

^ 3723 + length of minute of meridian 
in metres = ^ ■ • 

4. Mtoate of ijoagittide.— For its length multiply the length of 
a minute of the prime vertical by the cosine of the latitude. 

o. Kzpiaaatioa of Table.— The following table gives the results 
of the three preceding rules in feet, correct to the nearest foot, for 
latitudes at intervals of one degree, from 0° to 90° : — 
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Lai 



3 

4 
5 
6 

1 
8 

9 

lO 

II 

12 

13 
14 
15 
i6 

17 
i8 

19 

20 
21 



23 
24 

25 
26 

27 
28 
29 
30 
31 
32 

33 
34 
35 
36 
37 
38 

39 
40 

41 
42 
43 
44 
45 





MiB. pr. T. 


Min.Lat 


Hin.Lat 


Min. pr. t. 


Min. Long. 


... 6086 . 


.. 6086 . 


.. 6045 


6107 . 


. 6107 . 


. 


... 6085 . 


.. 6086 . 


.. 6045 


6107 . 


. 6107 . 


. 107 . 


... 6083 . 


.. 6086 . 


.. 6045 


6107 . 


. 6107 . 


. 213 . 


... 6078 . 


.. 6086 . 


.. 6045 


6107 . 


. 6107 . 


. 320 . 


... 6071 . 


. 6086 . 


.. 6045 


6107 . 


. 6107 . 


.. 426 . 


... 6063 . 


.. 6086 . 


.. 6045 


6107 . 


. 6107 . 


. 532 . 


... 6053 . 


.. 6087 . 


.. 6046 


6106 . 


. 6107 . 


. 638 . 


... 6041 . 


.. 6087 . 


.. 6046 


6106 . 


. 6107 . 


. 744 . 


... 6027 . 


.. 6087 . 


.. 6046 


6106 . 


. 6107 . 


.. 850 . 


... 6012 . 


.. 6087 . 


.. 6047 


6105 . 


. 6106 . 


.. 955 . 


... 5994 . 


.. 6087 . 


.. 6047 


6105 . 


. 6106 . 


,. 1060 . 


•.. 5975 • 


.. 6087 . 


.. 6047 


6105 . 


.. 6106 . 


.. 1 165 . 


•- 5954 . 


.. 6087 . 


.. 6048 


6104 . 


. 6106 . 


.. 1270 . 


... 5931 . 


.. 6087 . 


.. 6048 


6104 . 


. 6106 . 


.. 1374 . 


... S9^ • 


.. 6088 . 


.. 6049 


6103 . 


.. 6106 . 


.. 1477 • 


... 5880 . 


.. 6088 . 


.. 6049 


6103 . 


.. 6106 . 


.. 1580 . 


... 5852 . 


.. 6088 . 


.. 6050 


6102 . 


.. 6105 . 


.. 1683 . 


... 5822 . 


.. 6088 . 


.. 6050 


6102 . 


.. 6105 . 


.. 1785 . 


... 5790 • 


.. 6088 . 


.. 6051 


61OI . 


.. 6105 . 


.. 1887 . 


..• 5757 . 


.. 6089 . 


.. 6052 


6100 . 


.. 6105 . 


.. 1988 . 


... 5721 . 


.. 6089 . 


.. 6052 


6100 . 


.. 6105 . 


.. 2088 . 


... 5684 . 


.. 6089 . 


.. 6053 


6099 . 


.. 6104 . 


.. 2188 . 


... 5646 . 


.. 6089 . 


.. 6054 


6098 . 


.. 6104 . 


.. 2287 . 


... 5605 . 


...6089 . 


.. 6054 


6098 . 


.. 6104 . 


.. 2385 . 


... 5563 . 


.. 6090 . 


.. 6055 


6097 .. 


. 6104 . 


.. 2483 . 


... 5519 • 


.. 6090 . 


.. 6056 


6096 .. 


. 6103 . 


.. 2579 • 


... 5474 . 


., 6090 . 


.. 6057 


6095 .. 


. 6103 . 


. 2675 . 


... 5427 • 


.. 6091 . 


.. 6058 


6094 . 


. 6103 . 


.. 2771 . 


... 5378 . 


.. 6091 . 


.. 6059 


6093 ., 


. 6102 . 


.. 2865 . 


... 5327 . 


.. 6091 . 


.. 6060 


6092 .. 


. 6102 . 


.. 2958 . 


... 5275 • 


,. 6092 . 


.. 6061 


6091 .. 


. 6102 . 


. 3051 • 


... 5222 . 


.. 6092 . 


.. 6061 


6091 .. 


. 6102 . 


.. 3142 . 


... 5166 . 


.. 6092 . 


.. 6062 


6090 .. 


. 61OI . 


.. 3233 • 


... 5109 . 


.. 6092 . 


.. 6063 


6089 . 


. 61OI . 


.. 3323 . 


... 505^ • 


.. 6093 . 


.. 6064 


6088 . 


. 61OI . 


.. 3413 • 


... 4991 . 


.. 6093 . 


.. 6065 


6087 ., 


. 6100 . 


.. 3499 • 


... 4930 . 


.. 6093 . 


.. 6066 


6086 ., 


. 6100 . 


.. 3586 . 


... 4867 . 


. 6094 . 


.. 6067 


6085 .. 


. 6100 . 


.. 3671 . 


... 4802 . 


. 6094 . 


.. 6068 


6084 .. 


. 6099 • 


.. 3755 . 


... 4736 . 


. 6095 . 


.. 6070 


6082 .. 


. 6099 • 


.. 3838 . 


... 4669 . 


. 6095 . 


.. 6071 


6081 ., 


. 6098 . 


.. 3920 . 


... 4600 .. 


. 6095 . 


.. 6072 


6080 ., 


. 6098 . 


.. 4001 . 


... 4530 • 


. 6096 . 


.. 6073 


6079 .. 


. 6098 . 


.. 4080 . 


... 4458 . 


. 6096 . 


.. 6074 


6078 .. 


. 6097 . 


.. 4158 . 


... 4385 . 


, 6096 . 


.. 6075 


6077 .. 


. 6097 . 


. 4235 . 


... 4311 •• 


. 6097 . 


.. 6076 


6076 .. 


. 6097 • 


. 43" . 



ARC OP 6BEAT CIRCLE — TRUE AZIMUTH. 119 

6. Hinate of a Oreat Circle in aay Aasimnth. — Azimuth is the 
angle which a given vertical plane traversing a station makes with 
the plane of the meridian of that station. Let m denote the length 
of a minute of the meridian, and p the length of a minute of the 
prime vertical, at the latitude of the middle of the arc to be 
measured; then the length required 

= ^— ^ ^-—^ — • cos 2 azimuth; 

observing, that when the azimuth exceeds 45**, the second term 
of the formula is to be added, instead of subtracted. 

Example I. — In latitude 60°, required the length in feet of one 
minute of a great circle on the earth^s surface whose azimuth is 30^ 

g^ ^ 6102 . 6091 ^ 12193 _ 6096-5 feet. 

^ Ji Z 



= 5-5 feet. 



p — m ^ 11 

~"2~" " T 

X cos 60°= 0-5 



Product to be subtracted, 2*75 



Length required, to the nearest foot,... 6094 feet. 

Example IL — In the same latitude, let the azimuth be 60°; 
then 60° x 2 = 120°, an obtuse angle, whose cosine is = — cos 
(180° - 120°) = - cos 60° = - 0-5. 

2-t-?^ as before, 6096*5 feet 



Length required, to the nearest foot, 6099 feet. 

6a. Coaiained Arc. — Divide the distance between two stations 
by the length of a minute on the great circle through them; the 
quotient will be the contained arc in minutes. 

7. To Had the Trae Azimath of a Statioa-Iilae. 

I. By the Two greatest Elongations of a Circumpolar Star, — 
Observe the greatest and least horizontal angles made by a star 
near the pole with the station-line when the star is at its greatest 
distances east and west of the pole, and take the mean of those 
angles, which is the true azimuth of the station-line. In the 
northern hemisphere the Pole-star, » XJrsse Minoris, is the best. 

This method is seldom practicable with an ordinary theodolite 
as in general one of the observations must be made by daylight. 

n. By equal Altitudes of a Star. — ^The theodolite being at a 
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station in the station-line chosen, measure the horizontal angle from 
the station-line to any star which is not near the highest or lowest 
point of its apparent daily course, and take also the altitude of that 
star. Leave the vertical circle clamped, and let the instrument 
remain undisturbed until the star is approaching the same altitude 
at the other side of its apparent circular course. Then, without 
moving the vertical circle, direct the telescope towards the star, 
clamp the vernier-plate, and by the aid of its tangent-screw follow 
the star in azimuth with the cross wires until it arrives exactly at 
its former altitude, as is shown by its image coinciding with the 
cross wires ; then measure the horizontal angle between the new 
direction of the star and the station-line: the mean between the two 
horizontal angles will be the true azimuth of the station-line* 

In both the preceding processes it is to be understood that the 
mean of two horizontal angles means their haJCf-auTt}, when they are 
at the same side of the station-line, but their half-difference when 
they are at opposite sides. 

The second method may be applied to the sun, observing the 
sun's west limb in the forenoon and east limb in the afternoon, or 
vice versd; but in that case a correction is required, owing to the 
sun's change of declination. When the sun's declination is chang- 
ing towards the *{ ^^ xi^ > , the approximate direction of the meri- 
dian, as found by the method just described, is too far to the 
< ,*Yf f • T^® correction requii'ed is given by the formula,t 

change of sun's declination , j^.x i 1 i 
^ X sec • latitude x cosec ^ angular 

motion of sun between the observations. 

III. By One greatest Elmigation of a Circiimpolar Star, — To use 
this method, the declination of the star, and the latitude of the 
place, should be known. Then 

sin • azimuth of star at greatest elongation 
= cos ' declination h- cos 'latitude; 

and that azimuth, being added to or subtracted from the horizontal 
angle between the station-line and the star, when at its greatest 
elongation (according as the station-line lies to the same side of 

* In observing at night with the theodolite, it is necessary to throw, by 
means of a lamp and a small mirror, enough of light into the tube to make 
the cross wires visible. 

t At the equinoxes, the rate of change of the sun's declination is about 
59" per hour; and it varies nearly as the cosine of the sun's right 
ascension. 



FINDING TRUE AZIMUTH. 121 

the meridian "with the star^ or to the opposite side) gives the 
azimuth of the station-line* 

IV. By observing tlie AltUvde of a Star, and the Horizontal 
Angle between it and Hie Station-Line. — The altitude being corrected 
for refraction, the azimuth of the star is computed by taking the 
zenith distance, or complement of that altitude, the polar distance t 
of the star, and the co-latitude of the place, as the three sides of 
a spherical triangle; when the azimuth of the star will be the 

• The following ia a table of the declinations of a few of the more con- 
spicuous stars for the 1st of January, 1865, together with the annual rate at 
which those declinations are changing, + denoting increase, and — diminu- 
tion :— 

NORTHERN HEMISPHERE. 

Stab. North Declination. Bate of Annnal Variation. 

o Andromeda, 28° 20^ 42" + W-9 

a UrsaB Minons (Pole-star), 88 35 23 +19*2 

a Arietis, 22 49 21 + 17 -2 

a Ceti, 3 33 28 + 14 4 

a Persei, 49 22 39 +13*2 

a Tauri (Aldebaran), 16 14 6 + 7 -6 

a Aurigie (Capella), 45 51 24 +4-2 

a Orionis (Betelgeuze), 7 22 43 + 1 1 

a Geminorum (Castor), 32 10 52 —7-4 

a Canis Minoris (Procyon), 6 34 7 —8*9 

/3 Geminonun (Pollux) 28 20 67 —8*3 

o Leonis (Regulus), 12 37 32 — 17 '4 

a Ursse Majoris, 62 28 44 — 19 '4 

V UrssB Majoris, 49 69 17 —18 1 

a Bootis (Arcturus), 19 63 12 —18-9 

a Ophiuchi, 12 39 39 —2-9 

a Lyrae(Vega), 38 39 36 +31 

o AquilaB (Altair), 8 30 61 +9*2 

a Cygni, 44 47 68 +12 7 

a Pegasi (Markab), 14 28 46*5 + 19 '3 

SOUTHERN HEMISPHERE. 

St^r. Soath Declinatioa Bate of Annual Variation. 

/3 Orionis (Rigel), 8*^ 21' 38" — 4"-5 

a Columbffi, 34 8 51 —2-2 

a Argas (Canopus), 52 37 23 +1-8 

a Canis Majons (Sirius), 16 32 1 +4-6 

a Hydras, 8 4 31 + 15 '4 

V Argas, 68 68 29 +18 7 

a Crucis, 62 20 68*5 + 19 "9 

o Virginis(Spica), 10 27 21 +18*9 

a Centauri, 60 16 24 +15-0 

a Scorpii (Antares). 26 7 46 + 8 '4 

a TrianguJi Australis 68 46 27 +7*4 

a Pavonis, 67 9 49 — 11 '1 

o Gruis, 47 36 46 — 17 12 

a Piscis Australis (Fomalhaut),... 30 20 13 — 19 t) 

t The polar distance is the complement of the declination. * 
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angle opposite the side representing the polar distance. The 
azimuth of the station-line is then to be found as in Method IIL 

V. ApproxinuUe Metliod by observing certain 
Stars. — In the northern hemisphere a meridian- ^ 

line may be fixed approximately by observing, j 

■with the aid of a plumb-line, the instant when j 

the Pole-star A, and the star Alioth (« Ursse \ 

Majoris), appear in the same vertical plane. The j 

Pole-star is marked A in fig. 36. j ^ 

8. Angle between Two SleridtenB. — When two ! :^ ^^ 
points on the earth's surface have the same ^ * ^ 
latitude, but difierent longitudes, the horizontal ^ ^ 

angle made by their meridians with each other is " r- hr 
found by the following equation : — ''^' 

sin z horizontal angle = sin -^ difference of long, x sin • lat 

9. Airtronomical BeiirBction. — The correction for refraction is 
always to be subtracted from an altitude. It may be found in 
seconds approximately by the following formula : — 

Befraction = 58" x cotan apparent altitude. 

For more exact information on the subject, see a paper by the 
Rev. Dr. Robinson in the Transactions o/tlie Royal Irish Academy y 
vol. xix. Tables of Refraction are given in treatises on Naviga- 
tion, such as Raper's. 

Below about 8° or 10° of altitude the changeable condition of the 
atmosphere makes the correction for refraction very uncertain. 

10. Dip of the gksa^Horixon, in seconds = J (height of station in. 
feet) X 57"'4, nearly. 

11. To find tke liBatnde of a Place. 

Method I. By the Mean Attitude of a Circumpolar Star, — Take 
the altitudes of a circumpolar star at its upper and lower culmina- 
tions (which positions are known by watching for the instants when 
the altitude is greatest and least). From each of those apparent 
altitudes subtract the correction for refraction; the mean of the 
true altitudes thus found is the latitude of the place. 

Method II. By One Meridian Altitude of a Star, — Observe the 
meridian altitude of a star by watching for the instant when its 
altitude is greatest or least, and subtract the corrections for 
refraction, and also for dip, if necessary. The complement of the 
true altitude is the zenith distance. Find the declination of the 
star from the NatUiccU Alrnanac (which is published four years in 
advance.) 

Then if the star is between the zenith and the equator. 

Latitude = Zenith distance + Declination; (1.) 
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If the star is between the equator and the horizon, 

Latitude = Zenith distance — Declination; (2.) 

If the star is between the zenith and the elevated pole, 

Latitude ^Declination — Zenith distance; (3.) 

If the star is between the elevated pole and the horizon, 

Latitude = 180° — Declination — Zenith distance; ...(4.) 

Method IIL By the Sun^s Meridian AUitvde. — In this method 
the final calculation, from the sun's declination, as found in the 
Natiluxd Almanac, and the true altitude of his centre, is the same 
as in Method II. But besides the correction for refraction and 
dip, the altitude requires to be further corrected by subtracting or 
adding the sun's semidiameter, according as his upper or lower 
limb has been observed, and bj adding the sun's parallax, being 
the angle subtended at the sun by the distance between the earth's 
centre and the place of observation. 

To find the correction for parallax, find the sun's horizontal 
parallax on the day of observation, from the Nautical Almanac, and 
multiply it by the cosine of the altitude of the sun's centra 

(The mean value of the sun's horizontal parallax is about 8" '6), 

The sun's semidiameter on the day of observation is to be found 
in the Navlical Alrrumae. It varies from 15' 46" to 16' 18". 

The calculation may be thus set down algebraically — 

( True altitude = apparent altitude — Dip (if the sea- "j 
< horizon has been observed) — Hefraction =±: sun's > (5.) 
( semidiameter + parallax; j 

Zenith distance = 90° — true altitude, (6.) 

Latitude (see Equations 1, 2, 3, 4). 

Equations 1 and 2 are the most frequently applicable to the sun. 
Equation 3 is occasionally applicable between the tropics; and 
!Ek][uation 4 relates to observations made at midnight, in summer, 
in the polar regions. 

12. The DUKBrence of ijatitnde of two stations near each other 
is best found by observing the difference of the meridian alti- 
tudes or zenith distances of the same star as seen from the two 
stations. 

13. To Blewiinre a Baae-I<lBO for a Surref Approxintatelf* hj 
l^Btitodes.^ — The stations for the two ends of the base-line should be 
within sight of each other; not less than about fifty miles apart, if 
possible, and as nearly as possible in the same meridian. 
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Take the true admutli of the base-line by Rule 7 ; and, if possible, 
take it fi*om both stations, and take the mean of the results, which, 
will be slightly different. 

Take the latitudes of both stations by Rule 11, and the difference 
of their latitudes by Rule 12. The difference should be taken with 
the utmost possible precision ; the absolute latitudes need not be 
determined so closely. Take the mean or half-sum of those 
absolute latitudes. 

Multiply the difference of latitude by the secant (or divide by 
the cosine) of the azimuth ; reduce the angle so found to minutes 
and decimal fractions of a minute; multiply it by the length cor- 
responding to a minute of a great circle in the given mean latitude 
and azimuth (see Rule 6 ); the product will be the required length 
of base, correct to about one- 6,000th part of itself. 

Example. — Suppose the data to be as follows : — 

Mean azimuth, 30® 

Mean latitude, 60*^ 

Differience of latitude, 50' 

Then,— 

Difference of latitude _ 50' ^t'.tq*? 

cos azimuth ~ '86603 "" 

X Length corresponding to one minute,") 
as already computed in Example 1 of >• 6,094 feet. 

Rule 6, 3 

Length of base required, 351,837 feet. 

Which is correct to the nearest 60 feet, or thereabouts. 

14. To Reduce an EleTated or Depressed Base to tke Ijercl 

of the Sea.— Multiply the base as measured, by its elevation above 
or depression below the sea-level, and divide by the earth's mean 
I'adius; the quotient will be the correction, to be subtracted if 
the base is elevated, or added if it is depressed (Earth's mean 
radius, accurate enough for the present purpose; 

20,900,000 feet, or 6,370,000 metres.) 
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Section IL — Scales for Plans' and Sections. 
1. Plans. 




(1.) 1 inch to a mile,... 

(2.) 4 inches to a mile,< 
(3.) 6 inches to a mile. 



(4.) 6*336 inches to a mile, . 
(5.) 400 feet to an inch,.... 



(6.) 6 chains to an inch, . 



(7.) 15*84 inches to a mile,.., 

(8.) 5 chains to an inch, or ) 
16 inches to a mile, \ 



).) 25*344 mches to a mile, 



(10.) 200 feet to an inch,., 



63,360 

1 
15,840 

1 

10,560 



10,000 

1 
4,800 



1 
2,600 



2,400 



Scale of the smaller ordnance maps of 
Britain, This scale is well adapted 
for maps to be used in exploring the 
country. 

Smallest scale permitted by the stand- 
ing orders of parliament for the de- 
posited plans of proposed works. 

Scale of the larger ordnance maps of 
Great Britain and Ireland.' This 
scale, being just large enough to 
show buildings, roads, and other 
important objects distinctly in their 
true forms and proportions, and at 
the same time small enough to 
enable the eye of the engineer to 
embrace the plan of a considerable 
extent of country at one view, is on 
the whole the best adapted for the 
selection of lines for engineering 
worlcs, and for parliamentary plans 
and preliminary estimates. 

Decimal scale possessing the same ad- 
vantages. 

Smallest scale permitted by the stand- 
ing orders of parliament for ''en- 
larged plans" of buildings and of 
land within the curtilage of buildings. 

Scale answering the same purpose. 

Scales well suited for the working 
surveys and land plans of great 
engineering works, and for en- 
larged parliamentary plans. 

(Scale 8 is that prescribed in the stand- 
ing orders of parliament for "cross 
sections" of proposed railways, show- 
ing alterations of roads.) 

Scale of plans of part of the ordnance 
survey of Britain, from which the 
maps beforementioned are reduced. 
Well adapted for land plans of en- 
gineering works and plans of estates. 

Scale suited for similar purposes. 
Smallest scale prescribed by law for 
land or contract plans in Ireland. 
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OrdtoAiy Desigmition 


Fraction of 

real 
Dimensions. 


Use. 


(11.) 3 chains to an inch, 

(12.) 100 feet to an inch, 

(13.) 88 feet to an inch, or ) 
60 inches to a mile, {. 


1 
2,376 

1 
1,200 

1 
1,066 


Suited for the same purposes as tbe 
above. 

Scale suited for plans of towns, when 
not very intricate. 

Scale of ordnance plans of the less in- 
tricately built towns. 


(14.) 63-36 inches to a mile,... 


1 

1,000 


Decimal Scale having the same pro- 
perties. 


(16.) 44 feet to an inch, or 
120 inches to a mile, 


1 

628 


Scale of ordnance plans of the more 
intricately built towns. 


(16.) 126-72 inches to a mile. 


1 
600 


Decimal scale having the same pro- 
perties. 


(17.) 30 feet to an inch, 


1 
360 




(18.) 20 feet to an inch, 


1 

240 


Scales for special purposes. 


(19.) 10 feet to an inch, 


1 
120 




&c. 


&c. 




2. Sections. 


Ordinary Designation 
of Vertical Scale. 


Fraction 
of real 
Height 


Horizontal Scales 
with which the 
Vertical Scale is 

usually combined. 


Exag^ 
geration. 


Use. 


(1.) 100 feet to an inch, 
(2.) 40 feet to an inch. 


1 
1,200 

1 
480 


15,840*^1 
^ to 


1 


From 
13-2 to 8-8 

10 to 8-26 


Smallest scale permit- 
ted by the sUnduiR 
ordersof parliament 
for sections of pro- 
posed works. 

Smallest scale permit- 
ted by the sUnding 
orders of parliament 
for cross sections, 
showing alterations 
ofroadsi 


9,660 

1 


4,800 a 


,960 


(3.) 30 feet to an inch, 
(4.) 20 feet to an inch, 


1 

360 

1 
240 


^ to 


1 


11 to 6-6 
16-6 to 9-9 


Scales suitable for 


3,960 "^ S 
3,960 *^1 


►,376 
1 


>,376 


&c 


&c. 


&c 




&C. 
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Vertical sections, on a large scale ( say yaH ^^ Y9A )* ^^^ witl^ 
tmt exaggeration^ are required at the sites of special works. 

Section III. — Rules relating to Sueveyinq. 

1. Chaining on a DecllTlty— Bednctlon to the I^erel. — The 

correction is always to be subtracted from the distance as mea- 
sured. 

When the angle of inclination has been measured by a " clino- 
meter" or other angular instrument: — Correction in links per 
chain = 100 x versed sine of inclination. 

When the vertical fall in linksfor each chain of distance on the slope 

is known : — Correction in links per chain = 100 — \/lO,000 — fall^. 

fall* 
When the slope is gentle : — ^Correction in links per chain = -^^ 

nearly. 

1a. Expansion of McMnrlng Rod* and Chalns.^Increase of length 
by an elevation of temperature of 100** Cent = 180° Fahr. : — brass, 
000216; bronze, 000181; copper, 0-00184; wrought iron and 
steel, 0-0012; cast iron, 0*0011; platinum, 0-0009; glass, 0*0009; 
dry deal, 0*00043. 

2. To Set Ont a Bight Angle by the Chain. — Qhoose any two 
numbers; take the sum of their squares, the difference of their 
squares, and twice their product; those three numbers will be pro- 
portional — the first to the hypothenuse, and the other two to the 
two legs of a right-angled triangle, which is to be set out on the 
ground. 

For example: numbers chosen, 1 and 2; hypothenuse, 2^ + 1^ 
= 5; legs, 22-1 = 3, and 2x2x1 = 4. Thisisthe 
most generally useful right-angled triangle. Other 
examples: 13, 12, 5; 26, 24, 7; 17, 15, 8; 29, 21,1 
20; &a 

3. Tie-liine. — In a chained triangle, A ] 
37, to find the length of a tie-line, AD. I^ 
lation, \ / 

AD =y {A^:^^^^?i:M-BD.cDl 

or by construction, draw the triangle and measure j.| g^ 

A D on paper. -The measurement of A D on the 

ground is a check on the accuracy of the measurement of A B, 

BC,CA. 



le. vainer 

LBC, fig, \ •7" 
By calcu- \ ! / 
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4. To neannre Ckipa In Statlon-Iilnes by tke Chain alone* 

Case I. — When Hae obsUide can be chained round, 
HuLE I. (see %. 37.) — A and D being marks in the station- 
line at the nearer and further sides of the obstacle, set out a triangle, 
A B C, of any form and size that will conveniently enclose the 
obstacle, subject only to the conditions, that B and O 
are to be ranged in one straight line with D, rnd that 
the angles at B and C are neither to be very acute 
nor very obtuse. Measure with the chain the lengths 
A B, AC, B D, DC, and find the length of A D as a 
tie-line (Article 3.) 

EuLE II. (see fig. 38.) — Let A and D be marks at the 

nearer and further sides of the obstacle respectively. 

Range A B, D C at right angles to the station-line; 

J make those perpendiculars equal to each other, and of 

Fig. 88. *^y leiigth that may be requisite in order to chain past 

the obstacle along B C, which will be parallel and equal 

to A D, the distance required. 

BuLE III. (see ^g, 39.) — Let h and c be 

9 I points in the station-line at the nearer and 

, "^Jr a" further side of the obstacle respectively. From- 

\ •'Yn.^^a ,--^'' ' 8» convenient station, A, chain the lines A 6, 

\ j Lx^*-^ > Ac, being two sides of the triangle khc; 

\^^\^r^ ^^^^ connect those lines by a line, B C, in any 

B' A c" position which will form a well-conditioned 

I triangle, ABC, of as large a size as is 

I » practicable : measure its three sides. Then 

Fig. 39. the inaccessible distance is given by the 

formula^ 

h. . //ai.2 a^ (A6 + Ac)2-(A6-Ac)2 
^^=V{^^^^^- (AB-fAC)^-(AB-AC)2 - 

(AB2 + AC2 - BC2). I 

The same formula applies to such positions of the connecting line 
as B' C" aud B" C" as well as to B C. 

If A B and A C can be laid off so as to be respectively propor- 
tional to A 6 and A c, the triangles ABC and A 6 c become 
similar, B is pai*allel to 6 c, and the inaccessible distance is 
simply 

6c = BC.A^ 
AB 

In this method, as well as in the two preceding, the inaccessible 
distance may be found by plotting. 

Case II, — Whxm, it is impossible to chain round the obstacle. 
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Rule IV. (see fig. 40.)— Let 6 and c be marks 
in the station-line at the nearer and further side 
of the gap respectively. On the nearer side of the 
obstacle, range the stations A and B in a straight 
line with e, making the angle bcB greater than 
30% and place them so that the intersecting lines 
A 6y B a, connecting them with two points, a and 
bf in the station-line, shall form a pair of triangles, 
a 6 C, A B 0, with no angle less than 30"". Mea- 
sure the sides of those triangles, and compute the „, 
inaccessible distance 6 e as follows : 



bo=: 



a6-A6BC 




Fig. 40. 



/f 



CAaB — A6BCr 
As a check upon the position thus found for the point c^ com- 
pute also the inaccessible distance B c as follows : 

ABaB'bG 
^^-Ca-Ab — aB'bCr 

This problem is solved graphically by plotting the figure ab 
c A B a, and producing a b and A B till they interaect in c 

Buus V. ^e fig. 41.) — When the inaccessible 
distance BD does not much exceed three or four 
chains. At B set out BC perpendicular to the 
station-line, and of a length such as to make the 
angle at D not less than 30*^. At range CA 
perpendicular to C D, cutting the station-line in A. ^^ 
Measure A B, B C j then 

BD = ^^. 

When anfftdar in^rvmenta are used, a gap in a station-line is 
measured by making it one side of a triangle, of which the angles 
and another side are given. 

5. ]IEea•arli^; Areas of iiand. — ^Almost all areas of land are made 
up of parallelograms, trapezoids, and triangles (see Bules at page 
63), with the addition or subtraction of stnps contained between 
straight station-lines and irregular boundaries (see Hules for " Ar/ 
Plane Area/' pp. 64 to 67.) For Land Measures, see p. 95. 

6. References f Rales of Trigonomelrr* — ^The following are the 
rules of trigonometry chiefly used in surveying by angles : — 

Eor Plane TriomgUs; 1, 2, page 53; and sometimes 3 and 4, 

pp. 53, 54; and 6, page 55, 
For Triomglea so large as to be sensibly spherical; the rule for 

spherical excess, page 55; and the approximate rules, 

page 58. 
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The. three angles of every triangle should be measured, if possible, 
as a check upon accuracy. 

7. BedncaoB of Angles to the Centre of the Station. — ^When the 
theodolite cannot be planted exactly at a 
station in a trigonometrical survey, but 
has to be placed at a short distance to one 
side of it, the angle actually measured 
between two objects is reduced to the angle 
which would have been measured had the 
theodolite been exactly at the station, by a 
correction which is calculated approxi- 
Fj- 42. mately as follows : — 

In fig. 42, let C be the station, D the 
position of the theodolite, A and B two objects; A D B the hori- 
7X)ntal angle between them as measured at D; A C B the required 
horizontal angle at the station C. 

Measure C D, and the angle ADC; calculate A C and C B 
approximately as if A C B were equal to A D B; then 




ACB = ADB — 206264''.8C 



■>{ 



sin ADC sinBDO 
AC BC 



The above formula gives the correction in seconds when D lies 
to the right of both C A and C B. When it lies to the left of 
CB, sin B D C changes its sign; when to the left of C A, sin. 
ADC changes its sign.^ 

8. Bednction of gksxtBUt-Angles to the liOTel. — To find with a 
reflecting instrument the horizontal angle between two objects that 
are not at the same level with the observer's eye. For an approxi- 
mate method, set up a vertical pole in a line with each object, and 
measure the horizontal angle between the poles. For an accurate 
method, measure the angle between the objects themselves, and to 
take also the angle of altitude or depression of each. Find the 
inenith distance of each object by subti-acting its altitude from, or 
adding its depression to, 90*'. 

In ^g, 43, let O represent the observer's station ; O B, O C the 
directions of the objects; BOC the angle between 
them; O D E a horizontal plane; DOB and E O C 
the altitudes of the objects; O A a vertical line, aod 
A D E a spherical surface. 

Then, in the spherical triangle ABC, the three 
sides are given — viz., A B and B C, the zenith dis- 
tances, and B C, the angle between the objects; and 
the horizontal projection of that angle, being equal 
to the angle A, may be computed by the proper formula. (See 
page 57.) 
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9. Dcunmlnlng Scatfoiis Afloat.^ — In fig. 44, let D be the station 
afloat whose position is to be determined; and A, B^ C^ three 
known fixed objects, or landmarks, which 
ought not to be in or near the circumference 
of one circle traversing D. With a sextant 
(or, better still, with two sextants) measure 
the angles A D B, B D C ; if practicable also, 
with a third sextant, measure the angle 
ADC = ADB + BDC,as acheck on the 
accuracy of those angles. Then to plot the 
position of D, let A, B, and C be shown on 
the plan. From A draw A E, making the 
angle C A E = C D B: from C draw C E, 
ms^ng the angle A C E = A D B, and cutting A E in E : 
through the three points A, C, E describe a circle : through E 
and B draw a straight line cutting the circle in D ; D will be the 
required station on the plan. 

Or otherwise, — On a piece of tracing paper draw three straight 
lines radiating from one point, so as to make with each other 
angles equal to A D B and B D C. Lay it on the plan, and 
shSt it about till the three lines traverse A, B, and C respectively; 
the point from which they diverge being pricked through on the 
plan, will give the position of D. 

In the instrument called the station-pointer, three straight arms 
turning about one centre, and set to make any given angles with 
each other by means of a graduated arc^ answer the purpose of the 
three lines on the tracing paper. 



Section IV. — ^Utiles relating to Levelling and Sounding. 

1. Correction for Cnrratnre and Refmcaon. — The correction for 
the earth's curvature, to be svhtracted from the reading of a 
levelling-staflT, is found as follows : Divide the square of the dis- 
tance from the level to the staff by the earth's diameter (41,800,000 
feet nearly, or 12,740,000 metres nearly). 

Or otherwise, — Take two- thirds of the square of the distance in 
statute miles for the connection in feet. 

The correction for refraction, to be added to the reading, is very 
variable and uncertain. On an average it may be taken at one- 
siodh of the correction for curvature. 

Correction for curvature and refraction combined, to be subtracted 
from the reading on the staff, — average value about 

s = 0*56 foot X (distance in statute miles)^. 

6* Earth's diam. ' 

2. liOTeiling l»7 Angles. — This process is approximate only. 
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HuLE I. — Find the distance between the two objects whose 
difference of level is required. 

Measure the angle of altitude of the higher object as seen from 
the lower, and (at the same instant, if possible) the angle of depres- 
sion of the lower object as seen from the higher. (These are called 
reciprocal angles.) Take the half sum of those angles, and by its 
tangent multiply the horizontal distance between the objects : the 
product will be their difference of leveL 

BuLE II. — When one angle only can be taken, it must be cor- 
rected for curvature and refraction. The correction for curvature 
to be added to altitudes and subtracted from depressions is one- 
half of ike contained a/rc; which ccnUained a/rc is computed, in 
minutes, by dividing the horizontal distance, if in feet, by 6,076, or, 
if in metres, by 1,852. The correction for refraction is uncertain ; 
but on an average it may be allowed for by diminishing the correc- 
tion for curvature by orie-sixth of its amount. 

3. liereiUng bf tke Barometer. (Approximate Only). — Let the 
quantities observed be denoted as follows : — 

Temperatores of the 
Heights Mercury, by Air, l^ 

Stations. of Mercurial ** attached" *' detached'* 

columxL Thermometer. Thermometer. 

Higher, h t H 

Lower, H T T'. 

Then, height of the higher station above the lower, for feet and 
Fahrenheit's scale, 

= 60360 |log. H — log. ^—H)00044(T --«)}. (l + —Jg~^^^ 

and for metres and the Centigrade scale, 

= 18400 I log. H— log. A— •0008(T — «)} -(l +^g*). 

Common logarithms are used in both formulae. ^ "' 

In the absence of logarithms, for heights not exceeding aJoout 
3,000 feet, or 1,000 metres, correct the mercurial column at the 
higher station as follows : — 

difEerence of level for feet and Fahrenlieit's scale, 

= 52428^^,(^14. ^gg j - 
and for metres and the Centigrade scale. 
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4. IJeTcllli^; by the Boiliiig-p«lnt of Pore Water. — Let boiliog- 
point = T. Calculate z as follows : for feet and FahreDlieit's scale^ 

z = 517 (212° — T) + (212° — T)2j 

or for metres and the centigrade scale, 

z = 284 (100° — T) + (100° — T)2; 

the difference of the values of z at two stations will be their 
difference of level, nearly. ' 

5, RedocctoB of Senndinga. — Take the difference between each 
sounding and the height of the surface of the water above the 
datum of the survey at the instant when the sounding was made, 
as found by a tide register. According as the sounding is the 

{«Xf}.t«-tdiffe--»tte{J:P*}ofthebottom{^^-} 

the datum. 

In the absence of direct observations of the tide, the height of 
the sur&oe of the water above the datum may be calculated approxi- 
mately as follows : — Divide the time before or after high water at 
which the sounding was takep by the whole duration of the rise or 
fall of the tide, and multiply the quotient by 180^; this gives the 
tidal cmgle. Multiply the cosine of the tidal angle by half the 

total rise of the tide; the product is to be { ^^i^^eA^^from } *^« 

height of the mean tide-level above the datum, according as the 

tidal angle is { ^^^ }. (See page 53, line 2.) 

D\u:ation of the rise or fall of tide on an open coast, about 6h. 
12m. In narrow channels the duration of the rise is less, and that 
of the fall greater. 

Section V. — ^Rules belating to Shsttino Out. 



1. Setttag Oat Centre I<lnes of Bollwaf Carvca. 

Rule I (see fig. 45).— To 
find the radius of a circular 
arc which shall touch succes- 
sively three given straight lines, 
BD, D E, EC. Measure the 
middle straight line D E, and 
the acute angles at D and K 
Then Fig. 45. 




Radius=DE-5- (tan 



5 + tan|). 
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Bulb IL— To find the points of contact^ B, F, 0. 

DB = Dr = ra(iiusxtan-^; EF = EC = radiusxtan^. 

Bulb III.— To calculate the lengths of the arcs BE and F C.^ 

B F = radius x circular measure of D. 
F C = radius x circular measure of K 
(Circulai* measure = angle in minutes x 0-0002909 
= angle in degrees x 0*017453; 
see also pages 39 and 41 .) 

Bulb IY. — To calculate the angle subtended at any station iu 
the circumference of a circle by an arc of that ciix^le of a given 
length; divide the length of the arc by the radius, and multiply 
the quotient by 1718*873; the product will be the angle at the 
circumference in minutes : or, otherwise, convert the quotient into 
minutes of angle at the centre, by Table 4 K, page 39, and divide 
by 2 for the angle at the circumference. 

K the station is at one end of the arc, the angle in question is 
that between the tangent and the chord of the arc. 

Bulb Y. — To calculate approximately the chord of an arc of a 
^ given length in a circle of a 

given radius; from the length 
of the arc subtract the cube 
of that length, divided by 24 
times the square of the radiua 
Bulb YI. — To set out a 

/L//y^ circular curve of a given 

^/^ radius touching two given 

-^^ straight lines in given points, 

B, C, fig. 46. 

It is convenient (though not 
Pig. 46. always necessary) to find the 

middle point of the curve. 
For that purpose, range, by means of the theodolite, the line A D 
bisecting the angle at A, where the tangents intersect; and lay ofiT 
the distance, — 




A D = r • f cosec ^ — 1 j ; 



then will D be the middle point of the curve. 

The points B and C (and also D, if marked) should be marked 
by stakes, distinguished iu some way from the ordinary stakes, 
which are driven all along the centre line of the proposed railway 
at equal distances of one chain, or 100 feet, or some other uniform 
distance. 
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Any one of the points B, C, or D will answer as a station for 
the theodolite in ranging the curve. When the length of the curve 
exceeds ahout half a mile, the middle point, D, is the best station 
as regards accuracy and convenience. 

The following is the process of ranging the curve with the theo- 
dolite planted at its commencement, B : — 

For brevity's sake, the distance between the stakes which mark 
the centre line of the proposed railway will be called "a chain,** 
whether it is 66 feet, 100 feet, or a greater distance. 

Let Of in fig. 46, represent the last stake in the portion of the 
straight line immediately preceding the curve; the distance B I 
from the commencement of the curve to the first stake in it will be 
the difference between one chain and o B. The angle at the cir- 
cumference subtended by the arc B 1 having been calculated by 
Rule lY., is to be laid off by the theodolite from the tangent 
B A, the zero-point of azimuth being directed towards A The 
line of collimation will then point in the proper direction for 
the first stake in the curve, 1 ; and its proper distance from B 
being laid off by means of the chain, its position will be deter- 
mined at once. 

The angles at the circumference subtended by B 1 + 1 chain, 
B 1 + 2 chains, B 1 + 3 chains, &c,, being also calculated and laid 
off from the tangent B A in succession, will respectively give the 
proper directions for the ensuing stakes, 2, 3, 4, <&c., which are 
at the same time to be placed successively at uniform distances of 
one chain by means of the chain. 

The difference between an arc of one chain and its chord, on any 
curve which usually occurs on railways, is in general too small to 
cause any perceptible error in practice, even in a very long 
distance ; but should curves occur of unusually short radii, calcu- 
late the proper chord by Bule Y., and set it off from each stake 
to the next, instead of one chain, the length of the arc. 

When the curve is ranged with the theodolite at D, or at any 
other intermediate ix)int in the curve, or at its termination, C, the 
process is precisely the same, except that the zero-point of azimuth 
is to be turned towards B instead of A ; and that when the chain 
passes the theodolite station (for example, in going from stake 4 
to stake 5 in fig. 49, with the theodolite at D), the telescope is to 
be turned completely over. 

When the inequalities of the ground make it impossible to range 
the entire curve from the stations B, D, and C, any stake which has 
ah*eady been placed in a commanding position will answer as a 
station for the theodolite. 

The stakes or poles, after having been ranged by the theodolite, 
should have their positions finally checked and adjusted by the 
method of of^ts, for which see page 137. 




136 BULES IN ENGINEEBIKG GEODESY. 

BuLE VII. (see fig. 47). — To set out a circular curve of a given 
radius, r, touching two given straight lines, A B, A C, when the 
point of intersection of those lines. A, is 
inaccessible. 

Chain a straight line, D E, upon acces- 
sible ground, so as to connect the t^wo 
tangents. The position of the trcmsveraal 
D E is arbitrary; but it is convenient so 
to place it that it will cut the proposed 
Fiff 47 ^ curve in two points, which may be deter- 

mined, and used as theodolite stations. 
Measure the angles A D E, A E D, which may be denoted by 
D and E. Then the angle at A is 

Ax=180°-D-E; 

AD = De4^;AE = DE.«!?-?; 

sin A sm A 

A A 

DB = r-cotau-^ — AD; EC = r -cotan -jr- — AE; 

and by laying off the distances D B and E C as thus calculated, the 
ends of the curve B and C are marked, and it can be ranged from 
either of those stations as in Bule YI. 

But it is often convenient to have intermediate points in the 
curve for theodolite stations; and of those the points of intersec- 
tion with the transversal H and K, and the point G, midway 
between these, can be found by the following calculations, in mak- 
ing which a table of squares is useful (page 11) : — 

Let F be the point on the transversal, midway between H and EL 
If B D = C E, the point F is at the middle of D E. If B D and 
C E are unequal, let B D be the greater; then the position of F is 
given by either of the two following formulae : — 

_,-, DE , BD2~CE2 ___ DE BD2-OE2. 
DF = ^- + -^-^^~; EF= -2 2TE— 

The points H and K are at equal distances on each side of F, 
given by the following formula : — 

FH TY. n/(D^ + EF»-BD«-CE?) 

The point G in the curve is found by setting off the ordinate 
F G perpendicular to D E, of the following length : — 

FGr=r->2_j^H2. 
The angles subtended at the cenire of the curve by the several 
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arcs between the commencement B and the points H, G, "K, C, are 
as follows: — 

Angle subtended at the centre by B H = D — ai-c • sin . 

— — — — BG = D; 

— — — — BK = D + aro*sin 



r 



— BC=D + E; 



and the length of any one of those arcs may be computed by means 
of Rule III. 

Rule VIII. — To set out a circular curve touching two given 
straight lines, when part of the curve is inaccessible to the 
chain. 

If the point of intersection of the tangents is accessible, the two 
ends of the curve are to be determined and marked as in Rule I., 
and also the middle point of the curve, unless it lies on the 
inaccessible ground; and the length of the curve is to be computed 
by Rule III. 

If the point of intersection of the tangents is inaccessible, the 
two ends of the curve, and at least one intermediate point, are to 
be determined and marked by the aid of a transversal, as in Rule 
Til., and the lengtha of the arcs bounded by those points are to 
be computed. 

A transversal may be useful even when the point of intersection 
of the tangents is accessible. 

Each of the points thus marked will serve either as a theodolite 
station, or as a station to chain from, or for both purposes; and the 
stakes lying between the obstacle and the next station beyond it 
are to be planted by chaining backwards from that station. 

Rule IX. — To set out a circular curve by offsets commencing at 
a given point on a straight line (fig. 48). 

Let A be the commencement of the 

curve; A B the prolongation of the 

straight line (being a tangent to the 

curve) ; and B the end of the chain when 

laid along that prolongation from the 

last stake in the straight line. Plant 

a small pole at B, calculate the offset Fig. 48. 

A 02 
BC by the formula BO = -^ — i-, — : shift the end of the chain, 
•^ 2 radius' 

and the pole along with it, sideways from B to 0, keeping the 

chain tight, and leave the pole at 0. 

Drag the chain onward in the prolongation of A 0; range a 

pole at D in a straight line with A and 0, and at one chain's dia- 




138 BULES nr EBronrEERoro gbodest. 

tanoe from C; shift the pole and the end of the chain throngh the 

ofl^t D E, calcuLited by the formula, DE = ^^'^^ . 
'' 2 radius 

Drag the chain onward; range a pole at F in a straight line 

with C and E, and at one chain's distance from E ; shiflb the pole 

and the end of the chain through the o£&et F G, calculated by the 

formula F G = -— p — ; leave the pole at G, and repeat the same 

process for the rest of the curve. 

This method is clumsy and tedious as a means of ranging curves ; 
but it is very useful for testing the uniformity of curvature of 
curves already ranged, and for rectifying the positions of individual 
stakes to the extent of an inch or two. 

RvLE X. — ^To set out a circular curve by successive bisections 
of arcs. 

This is a method to be used only in the absence of angular 
instruments. It depends on the following relation between the 
versed sine of an angle B and that of its half: 



versm 



l='V~ 



versin B 
2 * 



To apply this principle, let 
B A, C A, in fig 49, be the two 
tangents, and B and C the ends 
of the curve, so placed that A B 
and A C shall be equal, but 
leaving the radius to be found by 
calculation. Measure the chord 
BC. 

To find the radius, bisect B C in E, measure A E, and make 

ABBE 




radius = 



AE 



Calculate the versed sine of the angle A B E = B, which is that 
subtended at the centre by one-half of the curve, as follows : — 

AB - BE 



versin B = - 



AB 



and by means of the first formula of the rule (using a table of 

"D "D "D 

squares, if one is at hand) calculate the versed sines of o" > "j* ■h, 

&c,, in succession, observing that versin B enables one intermediate 

B B 

point in the curve to be found, versin g, three points, versin ^, 
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B 

aeven points; and generally, that versin -^ enables 2* +i — 1 in- 
termediate points in the curve to be found. 

From the middle, E, of the chord B C, and perpendicular to it, 
lay off the ofl&et E D = r versin B; D will be the middle point of 
the curve. 

Chain and bisect the chords B D, D C, and from their middle 
points, and perpendicular to them, lay off the offsets 

H K = I L =s r versin -^; 

K and L will be points in the curve, midway respectively between 
B and D, and between D and C ; and so on until a sufficient 
number of points have been marked by polea 

Then chain round the curve as ranged by the poles, and drive 
stakes at equal distances apart. 

The uniformity of the curvature may be finally checked by 
Rule IX. 

2. Cant •f Ralls af a Carre. — Divide the square of the greatest 
ordinaiy speed of a train by the radius of the curve, and by a 
divisor whose values are as follows : — 

For speed in feet per second and radius in feet, 32 ; 

For speed in miles per hour and radius in feet, 15 ; 

For speed in metres per second and radius in metres, 9*8. 

Multiply the quotient by the gauge of the rails; the product will 
be the cant required, in the same sort of measure with the gauge. 

Ft In. Metres. 

British narrow gauge, 4 84 » 1*435 
British bi-oad gauge, 7 = 2134 
Irish gauge, . . 5 3 = 1 -600 

Half of the cant should be given by raising the outer rail above the 
level of the centre line, and half by depressing the inner rail 
Examples of cant in feet for 40 miles an hour : — 

Quuge. 
Ft In. 

4 8^ ... 500 -r radius in feet. 

5 3 ... 560 -r- radius in feet. 
7 ... 747 -r radius in feet 

Additional cant for cylindrical wheels at speeds not exceeding 12 
miles an hour, 600 feet -r- radius in feet. 

3. Ta Ease ClMm«cs af Carratare (Froud^a Method), 

Begin by ranging the centre line as a series of straight lines and 
circular arcs, by the rules of Article 1 of this Section. Calculate 
the cant of each curve by the inile of Article 2. 
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KuLE I. — Compute the several changes of comb at the junctions 
of curve«| with straight lines and with each other, obseiTing that 
the change of cant between a straight line and a curve is simply 
the cant of the curve ; that if two adjacent curves are cui*ved in 
the same direction, the change is the difference of cant; and that if 
they are curved in reverse directions, the change is the sum of the 
two cants. 

Multiply the greatest change of cant by 300; the product will be 
the length of the cfwrve of adjualment. 

Rule II. — Compute, for each circular arc of the series, the shift 
as follows : — 

Shift = (length of curve of adjustment)* -r 24 radius. 

Then shift the poles by which a given circular arc is marked 
inwards (that is, towards the centre of curvature of the arc) through 
the distance computed by the above formula. For example, in 
fig. 50, let A £, £ C be a pair of consecutive circular arcs, marked 




Fig. 60. 

by poles, and joining each other at their point of contact, B. Let 
B E, B F be the shifts proper to those two arcs respectively; after 
all the poles have been shifted, they will mark the arcs D £, F G, 
having a gap between them at E F, equal to the sum of the two 
shifts, if the arcs are curved in reverse directions, or the difference 
of the shifts, if the arcs are curved in the same direction. Straight 
lines are not to be shifted; so that where a curve joins a straight 
line, the gap is simply the shift of the curve. 

BuLE III. — Set out the " cfwrve of adjustment " I H K as follows : — 
For its middle point bisect the gap E F in H. For its ends I and 
K lay off E I and F K, each equal to half its length, as computed 
by Rule L For intermediate points in the division I H lay off 
ordinates at right angles from a series of points in the circular arc 
I E, proportional to the cubes of the distances from I; and for 
intermediate points in the division K H lay off ordinates at right 
angles from a series of points in the circular arc K F, proportional 
to the cubes of the distances from K. 

Let a denote the length I K of the curve of adjustment; 
5, the gap E F, or sum of the shifts; 
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X, the distaDce, measured on the circular arc, of any point 
from I or from K, as the case may be; 
the ordinate; then 

46aj» 

Example. — ^A curve of 20 chains radius (= 1,320 feet), with 
cant suited to a speed of 40 miles an hour on a narrow gauge line, 
is to be connected with a straight line. 

Cant (see p. 139) = 500 feet -^ 1,320 = -3788 foot; 
Length of curve of adjustment, a = -3788 x 300 = 113-6 feet; 
Shift for circular arc = (113*6)2 .j. 24 x 1,320 = -407 foot; 
(As the arc is to join a straight line, this is also = the gap 6.) 

4 X '407 afi 
Formula for ordinates, y = ..^ ,, 3 = -000,001,11 aP, 

Rule IV. — ^To connect a circular arc and a straight line, or two 
circular arcs, which do not touch or cut each other, by means of a 
curve of adjustment. Fig. 50 illustrates the case where two arcs 
curved in reverse directions are to be connected ; fig. 51, that in 
which two arcs curved in the same direction are to be connected. 

Find the pair of points at which the arcs or lines to be con- 
nected are nearest to each other. This is best done by first finding 
two pairs of points at which the 
lines to be connected are at equal 
distances apart; the pair of points 
required will be midway between 
those two pairs of points. Let E 
and F be the pair of points thus 
found; measure the gap E F, then ^^' * 

calculate the half-length of the curve of adjtislm&nt by means of the 
following formula, in which r and / denote the radii of the arcs to 
be connected : — 

the sign + or — being used in the denominator, according as the 
directions of curvature are reverse or similar. If one of the lines 
to be connected is straight, 1 -r r' is to be made = 0; so that the 
formula becomes 

EI = FK= ^6EF-r. 

The curve of adjustment is now to be set out by ordinates, as in 
Rule IIL 

4. Breadth mi F^rmaUon •£ a BaUwajr. — The following are ex- 
amples ; — 




U2 
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Single Link gSS^^ 

Ft In. 

Clear space ontside of rail, 4 o 

Head of rail, o 24 

Oauee 4 8* 

Head of rail, o 24 

Clear space outside of rail,. 4 o 

Least breadth of top of ballast ; and ) 

least width admissible for archways, > 13 li 

&c., traversed by the railway, ) 

Spaces for slopes of ballast, and ( f-^jj. , jqI \ 

benches beyond them, on em- ■{ *_ g -qJ { 

bankments, ( *' 

Total breadth of top of embank- ) from 17 o ( 

ments, | to 22 o { 



Irish 


Broad 


Gauge. 


Gauge. 


Ft In. 


Ft In. 


4 


4 . 


2j 


24 


5 3, 


7 


2i 


24 


4 


4 



13 8 



4 4 



18 o 



15 5 



24 7 



Double Line. 



Clear space ontside of rail, 

Head of rail, 

Oanee, 

Head of rail, 

Middle space (called the **8ixfeet").. 

Head of rail, 

Gauge, 

Head of rail...... 

Clear space outside of rail, 



Least breadth of top of ballast ; and ) 
least width admissible for archways, > 
&c , traversed by the railway, ) 

Spaces for slopes of ballast and i ^ 
trenches beyond them, on em- < . 
bankments, ( 

Total breadth of top of embank- j from 
\ to 



Narrow 
Gauge. 
Ft In. 
4 O 



24 3 



24 





84 


S 


24 








6 


24 





84 


5 


24 








4 



9) 



28 
33_ 



Irish 
Gauge. 
Ft In. 

h 

O 
24 

3 

24 

o 



25 4 



4 8 



30 o 



Broad 
Gauge. 
Ft In. 
4 O 



24 
o 

24 

o 

24 

o 

24 

o 



28 10 

9 2 

38 o 



Additional width at bottoms of cuttings, from to 9 feet. 

Arches over the railway are seldom made of the minimum spans 
shown by the foregoing tables, except in the case of tunnels. Bridges 
over narrow gauge lines are usually of the following spans :^. 

over a single line, from 16 to 18 feet; 

over a double line, from 28 to 30 feet. ^ 

5, Breadths •f Slopes •f Earthwork. — Let h denote the central 
depth of the piece of earthwork, whether cutting or embankment; 

b, the half-breadih of its base, or formation; 
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«, the rate of slope of the earthwork; that is, 8 horizontal to 1 

vertical; 
r, the rate of sidelong slope of the natural ground, if any ; 

that is, r horizontal to 1 vertical ; 
B, the required breadth of the slope of the earthwork. 

Case I. — In ground level across, £ = « ^. 

Case II. — In ground that slopes away from the base, 



r — 8 \ rj 
md that slopes towards 

r + 8 \ rJ 

ind that intersects the b 
he earthwork, 

r - 8 \r / 



Case III. — In ground that slopes towards the base, but without 
intersecting it; 



Case IY. — In ground that intersects the base between the centre 
line and the edge of the earthwork, 



Section VI. — Rules relating to Mensuration op Earth 

WORK. 
1. ik)cU«iial Areas mf Earthwork.— Figs. 52, 53, and 54 repre- 

11 ?.. 

g c a B 




K 

Fig. 52. Fig. 63. 

sent examples of cross-sections of pieces of earthwork, in each of 

which D E is the base, A B the 

natural surface, and D A and E B r- 

are the slopes. 

Figs. 52 and 53 represent cut- ^ ^^ 

tings; to represent embankments, A>^<t^ 
conceive them to be turned upside ""^^ "^ 
down. 

Fig. 54 represents a piece of earthwork, of which one side, 
Q E B, is in side cutting, and the other, Q D A, in embankment 

The following are the symbols used in the rules: — 




jr 

J 
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Natural slope of the ground, r (horizontal) to 1 (vertical). 

Slope of the earthwork, 8 (horizontal) to 1 (vertical). 

Half-hreadth of base, D F = F E = 6. 

Central depth, C F = h. 

Area of cross-section, A. 

In many measurements of earthwork having sections such as 
figs. 52 and 53, it is convenient to suppose the slopes produced 
till they meet at K, and to calculate or measure the following 
quantity : — 

Augmented depth, CK = A + —=zk. 

To find k by direct measurement in a longitudinal section of 
earthwork, draw a line parallel to the formation line of the work, 

and at the vertical distance - below it in cuttings, or above it in 

embankments. Depths measured from that line to the surfeu^e of 
the ground will be augmented depths. 

BuLE I. — ^When the ground is level across; 

A = triangle A B K - triangle DEK = «A;2 

Or otheruoise, — 

HuLE Ia. 

A r=: rectangle D G H E + 2 triangle AJ>Q = 2bh + ah^. 

KuLE II. — ^When the ground has an uniform sidelong slope, not 
intersecting the base, as in fig. 53, 

A = triangle A B K- triangle D E K = o J i ' ^ - "• 

KuLE III. — ^To find the augmented depth in ground level across, 
of a cross-section of earthwork equal to a given cross-section in side- 
long sloping ground ; take a mean proportional between the aug- 
mented depths measured from K vertically to the two edges A and 
B respectively; that is to say, in fig. 53, parallel to D E, draw A M 
and B P, cutting the vertical centre line in M and P; then make 

I(/=z ^(KM-KP); 
and the area may be found by Rule I., as follows : — 
h^ b^ 

8 8 

ItuLE IV. — ^When the ground has a sidelong slope intersecting 
the base at Q, in fig. 54. Let A' be the larger and A'' the smaller 
division of the cross-section. 

A' = triangleQEB = ^^^*; 
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A" = triangleQDA = |^^'. 

2. T«lmnc« mr <|mntiUes •f Earthwork. — EULE I. — ^When a 
series of equidistant cross-sections are given, see p. 72, Article 5; 
also the rules there referred to, A, B, C, pages 64 to 66. 

BuLE IL — ^When the piece of earthwork to be measured is a 
*' prismoid," as shown in page 74, fig. 12, use the rule given in 
that page below the figure. 

The most simple algebraical expression of that rule, as applied to 
the present case, is as follows : — ^The prismoidal piece of earth to 
be measured is to be considered as formed by a wedge of a cross- 
section such as A £ K in fig. 52 or fig. 53, from which is taken 
away a wedge of uniform cross-section such as D E K. 

Let X denote the length of the piece of earth ; k^ and k^ the 
values of the cmgmerUed depth K at its two ends; then, 

Volume = a:-{g^^^.(^?+ (^ + ^^ + A;l) - ^ } 

lr2-«2\ 4 12/8) 

The last formula is specially suited for calculation by the aid of 
a table of squares. 

When the ground is level across, the co-efficient of the first term 
becomes simply = e. 

The quantity in brackets by which the length x is midtiplied is 
the mean sectional a/rea^ 

If the measurements are in feet, the preceding rules give 
quantities in cubic feet. To reduce these to cubic yards divide 
by 38 = 27. 

Rule III. — ^When earthwork on sidelong ground occurs on a 
sharp curve. By the rules of pages 142, 143, calculate the half- 
breadths (A L, B N, fig. 53) required for the two slopes; take 
their difference, and divide it by three times the radius of the curve; 
the quotient is to be added to or subtracted from 1, according as 
the greater half-breadth lies from or towards the centre of the 
curve. The result will be a factor by which the area A B K in 
fig. 53— that is, the first of the two terms of the formula in Bule II., 
page 144 — is to be multiplied. From the product subtract the area 
D E K; the remainder will be an area modified for curvature; 
then proceed as in Bule I. of this Article. 
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PAET IV. 

ETJLES AND TABLES RELATING TO DISTRIBUTED 
FORCES AND MECHANICAL CENTRES. 

L SpecUic Grariij (as stated at page 102) is the ratio of the 
weight of a given bulk of a given substance to the weight of the 
same bulk of pure water at a standard temperature. In Britain 
the standard temperature is 62° Fahr. = 16°*67 Cent. In France 
it is the temperature of the maximum density of water = 3°'94 
Cent. = 39°-l Fahr. 

In rising from 39® -1 Fahr. to 62° Fahr., pure water expands in 
the ratio of 1*001118 to 1; but that difference is of no consequence 
in calculations of specific gravity for engineering purposea 

Rule I. — To find the specific gravity of a solid body that is 
heavier than water approximately, by experiment. Weigh it in 
air, and again weigh it immersed in pure water. Divide the 
weight in air by the loss of weight when immersed (or buoyanct/); 
the quotient will be the specific gravity. 

Rule II. — When the body is lighter than water, weigh it in 
air; then load it with a piece of a substance heavier than water, 
and large enough to make the light body sink, and weigh them in 
water together. Also weigh the heavy body separately, in air and 
in water. Subtract the buoyancy of the heavy body from the 
buoyancy of the two bodies together; the remainder will be the 
buoyancy of the light body separately; by which its weight in air 
is to be divided as before. 

Rule III. — To find approximately the specific gravity of a 
liquid ; weigh some convenient solid body in air, in pure water, 
and in the given liquid; divide the buoyancy or loss of weight in 
the given liquid by the buoyancy in water; the quotient wiR be 
the required specific gravity. 

Rule IV. — To find approximately the specific gravity of a solid 
body that is soluble in water; ascertain its buoyancy in some liquid 
which does not dissolve it, and whose specific gravity is known ; 
divide the weight in air by the buoyancy in that liquid, ajid 
multiply the quotient by the specific gravity of the liquid. 

The approximate character of all those rules arises from their 
not taking account of the buoyancy due to the pressure of the air, 
whether on the body weighed or on the weights ; but for ordinary 
practical purposes the error so occasioned is immaterial. 
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2. The HcarfaiCM of any subetabce (as stated at page 102) is the 
weight of an unit of volume of it in units of weight. 

In British measures heaviness is most conveniently expressed in 
lbs. avoirdupaia to the cvbio foot; in French measures, in kUo- 
gramiMs to iha cubic decimetre, 

KuLE V. — Given, the specific gravity of a substance; to find its 
heaviness; multiply by the heaviness of water. 

(In British measures 62*4 lbs. to the cubic foot is near enough 
for practical purposes; in French measures no calculation is 
needed, heaviness and. specific gravity being identical.) 

3. The Densitr of a substance is either the number of units of 
masa in an unit of volume (see page 104), in which case it is equal 
to the heaviness,— -or the ratio of the mass of a given volume of 
the substance to the mass of an equal volume of water, in which 
case it is equal to the specific gravity. 

In its application to gaaee the term " Density" is often used to 
denote the ratio of the heaviness of a given gas to that of air, at 
the same temperature and pressure. 

4. The BalkincM of a substance is the number of units of volume 
which an unit of weight fills; and is the reciprocal of the heaviness. 
(See Table of Beciprocals, page 11.) 

In British measures bulkiuess is most conveniently expressed in 
cubic feet to the lb, avoirdupois ; in French measures, in cubic deci- 
metres to the kilogramme, 

KxJLE VI. — Given, the specific gravity of a substance; to find 
its bulkiness ; divide the bulkiness of pure water by the specific 
gravity of the given substance. 

(In British measures 0*01602 cubic foot of pure water to the lb. 
is near enough for practical purposes; in French measures the 
bulkiness of pure water is 1.) 

5. EflTect •f Heat on BnikincM. — Hise of temperature produces 
(with certain exceptions) increase of bulkiness. 

KuLE VII. (For perfect gases). — Given, the bulkiness of a 
perfect gas at the temperature of melting ice; to find its bulkiness 
under the same pressure at any other temperature; multiply by 
the given temperature, as reckoned from the absolute zero (see page 
105), and divide by the absolute temperature of melting ice (274'' 
Cent. = 493°*2 Fahr.) 

Rule VIIL (Approximate rule for water). — Divide the given 
temperature by 500° Fahr. or 278° Cent.; divide 500° Fahr. or 
278° Cent, by the given absolvle temperature ; multiply the half* 
sum of the quotients by the least bulkiness of water (0 1602 cubic 
feet to the lb., or 1 cubic decimetre to the kilogramme); the product 
will be the required bulkiness nearly enough for practical purposes. 

Example.— ^Griven, temperature on common scale, 212° Fahr.; 
that is, 212° + 46r*2 = 673°2 Fahr., absolute. 
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o i gAA + g-o o j " l'04o, ratio id which the bulkiness 



IS 



increased (the exact ratio is 1*04775, so that the error is about 

4Uo)' 

001602 X 1-045 = 001675 cubic foot to the lb.; bulkiness 
required, nearly 

= 59*7 lbs. to the cubic foot; corresponding heaviness, 
nearly. 

The following are the rates of expansion in bulk, in rising from 
the freezing point (0^ Cent or 32° Fahr.) to the boiling point (100^ 
Gent, or 212° Fahr.) of some materials : — 

Perfect gases, o'365 

Air at ordinary pressures, 0*366 

Pure water, o'04775 

Sea-water, ordinary, 0*05 

Spirit of wine, o*iii2 

Mercuiy, 0*018153 

Oil, linseed and olive, o*o8 

Brass, 0*0065 

Bronze, 0*0054 

. Copper, 0*0055 

Cast iron, 0*0033 

Wrought iron and steel, 0*0036 

Lead, 0*0057 

Tin, o'oo66' 

Zinc, 00058 

Brick, common, o*oio6 

„ fire, 0*0015 

Cement, 0*0042 

Glass (average), 0*0027 

Slate, 0*0031 

6. EflTect •f PremHwe on Bnlklnew of Perfect Oaaes.— Given, the 
bulkiness of a perfect gas at a given temperature and under the 
absolute pressure of one atmosphere; to find the bulkiness at 
the same temperature under any other pressure; divide by the 
absolute pressure in atmospheres (see page 115). 

7. ExpUmaUen ef the Tabieik— Table L is a general table of 
heaviness in lbs. to the cubic foot for gases, liquids, and solids, and 
of specific gravity for liquids and solids. Table II. gives the 
heaviness of eai*th in lbs. to the cubic foot and to the cubic yard. 



HEAVINESS AND SPECIFIC GRAVITT. 149 

Table III. gives the heaviness of various kinds of rock in lbs. to 
the cubic foot, and to the cubic yard; and the bulkiness in cubic 
feet to the ton. Table IV. gives, for various metals, the weights of 
a cubic inch (column A); of a bar a foot long and an inch square 
(column B); of a round rod a foot long and an inch diameter 
(column 0) ; of a plate a foot square and an inch thick (column D) ; 
^f a cubic foot (column E); and of a sphere one inch in diameter 
Kcolumn F). To find the weight of one foot of a round rod of 
a diameter given in inches; multiply the number in column C by 
the square of the diameter. For the weight of a foot of a cylin- 
drical tube, midtiply the number in column by the difference of 
the squares of the outside and inside diameters. For the weight 
of a solid sphere, multiply the number in column F by the cube of 
the diameter. For the weight of a hollow sphere, multiply the 
same number by the difference of the cubes of the outside and 
inside diameter& 



L — General Table of Heaviness and Specific Gravity. 

Weight of a cuMo 
foot in 

Gases, at 32° Fahr., and under one atmosphere: ^^ avoirdupofa. 

Air, 0*080728 

Carbonic acid, 0*12344 

Hydrogen, 0*005592 

Oxygen, 0*089256 

Nitrogen, 0*078596 

Steam (ideal), 0*05022 

.Either vapour (ideal), 0*2093 

Bisulphuret-of-carbon vapour (ideal), 0*2137 

Olefiantgas, 0*0795 

LiQUBM at 32** Fahr. (except Water, ^®**Si>?'i; ^^° ^;^° 

which is taken at 39*"I Fahr.) : lb& avoirdupois. pure water s L 

Water, pure, at 39**1,. 62*425 1*000 

„ sea, ordinary, 6405 1*026 

Alcohol, pure, 49*38 0*791 

„ proof spirit, 57*i8 0*916 

iBther, 44*7o 0*716 

Mercury, 84875 I3*59^ 

Naphtha, 52*94 0*848 

Oil, linseed, ' 5868 0*940 

„ olive, 57*12 0*915 

„ whale, 57*62 0*923 

„ of turpentine, 54*3i 0-870 

Petroleum, 54*8i 0*878 
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Weight of a cabio 8pecSflo 

foot in gravily, 

lbs. avoirdupoia. pure water = 1, 

Solid Minebal Substances, non-metallic : 

Basalt, 187-3 3*oo 

Brick, 125 to 135 2 to 2167 

Brickwork, 112 i"8t 

Chalk, 117 to 174 1-87 to 2-7^ 

Clay, 120 1*93 

Coal, anthracite, 100 1*602^. 

„ bituminous, 77 '4 to 89*9 1-24 to 1*44 

Coke, 62-43 to 103*6 100 to 1-66 

Felspar, 162*3 2-6 

Flint, 164-2 2-63 

Glass, crown, average, 156 2-5 

„ flint, „ 187 3-0 

„ green, „ 169 27 

„ plate, „ 169 2-7 

Granite, 164 to 172 2*63 to 2-76 

Gypsum, 143-6 2-3 

Limestone (including marble), 169 to 175 2-7 to 2-8 

„ magnesian, 178 2-86 

Marl, 100 to 119 1-6 to 1*9 

Masonry, 116 to 144 1-85 to 2-3 

Mortar, 109 1*75 

Mud, 102 1-63 

Quartz, 165 2*65 

Sand (damp), 118 1-9 

„ (dry), 88-6 1-43 

Sandstone, average, 144 2*3 

„ various kinds, 130 to 157 2*08 to 2*52 

Shale, 162 2-6 

Slate, 175 to 181 2-8 to 2-9 

Trap, 170 2-72 

Metals, solid : 

Brass, cast, 487 to 524*4 7-8 to 8*4 

p wire, 533 8-54 

Bronze, , 524 8-4 

Copper, cast, 537 8-6 

„ sheet, 549 8-8 

„ hammered, 556 8*9 

Gold, 1186 to 1224 19 to 19-6 

Iron, cast, various, 434 to 456 6-95 to 7*3 

„ average,.. 444 7-11 

Iron, wrought, various,. . ....... 474 to 487 7 -6 to 7 -8 
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Weight of a cabio Bpeolflo 

foot in gravity, 

lb& aToirdupoia. pure water = L 

Metals, eo\id,— continued. 

Iron, wrought, average, 480 7-69 

Lead, 713 11-4 

Platinum, 1311 to 1373 21 to 22 

Silver, 655 105 

Steel, 487 to 493 78 to 7-9 

• Tin, 456 to 468 7*3 to 7*5 

Zinc, 424 to 449 6*8 to 7*2 

Timber: • 

Ash, 47 0753 

Bamboo, 25 0*4 

Beech, 43 0*69 

Birch, 44-4 0711 

Blue-Gum, 52-5 0843 

Box, 60 096 

Bullet-tree, 65*3 1*046 

Cabacalli, 562 0-9 

Cedar of Lebanon, 30*4 0*486 

Chestnut, 334 0535 

Cowrie, 362 0579 

Ebony, West Lidian, 74*5 i'i93 

Elm, 34 o*544 

Fir: Red Pine, 30 to 44 0*48 to 07 

„ Spruce, 30 to 44 0*48 to 0*7 

„ American Yellow Pine,.. 29 0*46 

„ Larch, 31 to 35 0*5 to 0*56 

Greenheart^ 625 i*ooi 

Hawthorn, 57 0*91 

Hazel, 54 086 

Holly, 47 o7<5 

Hornbeam, 47 0*76 

Laburnum, 57 0*92 

Lancewood, 42 to 63 0675 to i 01 

Larch. See "Fir." 

Lignum-Vitffi, 41 to 83 0*65 to 1*33 

Locust, 44 071 

Mahogany, Honduras, 35 0*56 

„ Spanish, 53 085 

Maple, 49 079 

Mora, 57 092 

• The Timber in every case is supposed to be dry. 
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Timber, — eontiniied. 

Oak, European, 

„ American, Red,., 

Poon, 

Saul, 

Sycamore, 

Teak, Indian...... 

„ African, 

Tonka, 

Water-Gum, 

Willow, 

Yew, 



eight of a cnbio 

foot in 
»8. avoirdupolB. 


Specific 

gravity, 

pnie water =L 


43 to 62 
54 
36 
60 


0-69 to o*99 
0-87 

058 
096 


37 
41 to 55 

61 
62 to 66 


059 
0-66 to 088 

0-98 
0-99 to I '06 


625 


I -001 


25 
50 


0-4 
0-8 



IL — ^Heaviness of Earth. 

Gubio Foot Cubic Yard. 

Chalk, • from 117 to 174 Iba fix)m 3160 to 4730 Iba. 

Clay, „ 120 to 135 „ „ 3240 to 3645 „ 

Gravel and Shingle,.... „ 90 to no „ „ 2430 to 2970 „ 

Marl, „ 100 to 119 „ „ 2700 to 3210 „ 

Mud, 102 „ „ 2750 „ 

Sand, dry, 89 „ „ 2400 „ 

„ damp, 118 „ „ 3190 „ 

Shale, 162 „ „ 4370 „ 



III. — Heaviness and Bulkiness of Rock. 

Lbs. in one Lbs. in one Cubic Feet 

Cabic Foot Cubic Yard. to a Ton. 

Basalt, 187 ... 5060 ,.. 12 

Chalk, 117 to 174 ... 3160 to 4730 ... 19-1 to 12*9 

Felspar, 162 ... 4370 ... 13*8 

Elint, 164 ... 4430 ... 13-6 

Granite, 164 to 172 ... 4430 to 4640 ... 13-6 to 13 

Limestone, 169 to 175 ... 4560 to 4720 ... 13-2 to I2*3 

„ magnesian, 178 ... 4810 ... 12*6 

Qiiartz, 165 ... 4450 ... 13-6 

Sandstone,average,..o 144 ... 3890 ... 15-6 . 

„ different ) . ^ ^ . ^ . 

tiJ^ds, / ^30 to 157 ... 3510 to 4240 ... 17-2 to 14-3 

Shale,...;. 162 ... 4370 ... 13-8 

Slate (Clay), 175 to 181 ... 4720 to 4890 ... 12*8 to 12-4 

Trap, 170 ... 4590 ••• 13-2 
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IV.— -Cubes, Rods, Plates, Bars, and Spheres. 

A. R 0. D. K F. ' 

n w« ^^A^ ®?£.t" Plate, « „„ Sphere, 

T^^l"" 1 S^iir.o' 1 S^^ I 1 't X I'ft ^J® 1 inch* 

liiLdiam. in. xlin. ^'■"^ «*««. 

lbs. lbs. lbs. IbB. lbs. 

Brass, cast, average,... 0298 281 3-58 43-0 516 o'i56 

„ wire, 0308 2-91 370 444 533 0-162 

Bronze, 0303 286 364 437 524 0159 

Copper, sheet, 0-318 2*99 3-81 4575 549 o-i66 

„ hammered, ... 0-322 3-03 386 463 556 o-i68 

Iron, cast, average, ... 0-257 2*42 308 37-0 444 0-134 

Iron, wrought,average, 0-278 2-62 3-33 40-0 480 0-146 

Lead, 0-412 3*88 4-94 59-3 712 0*216 

Steel, average, 0-283 2-67 340 408 490 0-148 

Tin, a^rage, 0-267 2-52 3-21 38-5 462 0-140 

Zinc, average, 0-252 2-38 3-03 36-3 436 0132 

8. Cemre of Omritr — iSKommta of Weight. — ^RuLE I. — The centre 
of gravity of a body of uniform heaviness is its centre of magnitude. 
(See pages 81 to 88.) 

KuLE II. — To find the moment of a body's weight relatively to 
a given plane 0/ moments; multiply the weight by the perpendicular 
distance of the body's centre of gravity from the given plane. 

Note. — In comparing together or combining the moments of 
weights which lie some at one side and some at the other side of a 
plane of moments, those moments are to be distinguished into 
positive and negative, according to the sides of the plane at which 
the weights lie. 

Rule III. — ^To find the common centre of gravity of a set of 
detached bodies; find their several moments relatively to a con- 
venient fi:sed plane; find the resultant of those moments by adding 
together, separately, the positive and negative moments, and 
taking the difference between the two sums, which will be positive 
or negative according as the positive or negative sum is the greater. 
Divide that resultant moment by the total weight; the quotient 
will be the perpendicular distance of the common centi'e of gravity 
from the fixed plane; and its positive or negative sign will show at 
which side of the plane that centre lies. If necessary, repeat the 
same process for a second and a third fixed plane, so as to deter- 
mine the position of the required centre completely. The two or 
three planes (as the case may be) are usually taken perpiendicular 
to each other. 

Rule IV. — To find the centre of gravity of a body consisting of 
parts of unequal heaviness; find separately the centres of those 
parts, and treat them as detached weights by Rule IIL 
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9. HmimbC of lMHi» waUL Badlm of OyntfoH.— HuLE L — To 
find the momeDt of inertia of a body about a given axis; conceive 
the body divided into an indefinite number of small parts; multiply 
the mass (or weight) of each part by the square of its perpendicidar 
distance from the axis; the limit towards which the sum of all 
the products approximates as the parts become smaller and more 
numerous will be the required moment of inertia. 

BuLE II. — Given, the moment of inertia of a body about an axis 
traversing its centre of gravity in a given direction; to find its 
moment of inertia about another axis parallel to the first; multiply 
the mass (or weight) of the body by the square of the perpendicidar 
distance between the two axes, and to the product add the given 
moment of inertia. 

Rule III. — Given, the separate moments of inertia of a set 
of bodies about parallel axes traversing their several centres of 
gravity; required, the combined moment of inertia of those bodies 
about a common axis parallel to their separate axes; multiply the 
mass (or weight) of each body bv the square of the perpendicular 
distance of its centre of gravity from the common axis; add 
together all the products, and all the separate moments of inertia; 
the sum will be the combined moment of inertia. 

Rule IY. — To find the square of the radius of gyration of a 
body about a given axis; divide the moment of inertia of the body 
about the given axis by the mass (or weight) of the body. 

Rule V. — Given, the square of the radius of gyration of a body 
about an axis traversing its centre of gravity in a given direction ; 
to find the square of the radius of gyration of the same body about 
another axis parallel to the first; to the given square add the 
square of the perpendicular distance between the two axes. 



10. — Table op Squares of Radii op Gyration. 



BODT. 


Axis. 


BADiuat 


I. Sphere of radius r, 

II. Spheroid of revolution— polar semi- 
a-jrift a.. Annatorial nvdiuB r.--T-T"r-,-T 


Diameter 

Polar axis 
Axis, 2a 

Diameter 

Diameter 


2r« 
5 

2r« 
5 

5 

2(r»— r'») 

2r« 
3 


TIL EUliosoid — fiemi-axes a. 6. c 


IV. Spherical shell— external radius r, 
internal r^, 

V. Spherical shell, msensibly thin— ra- 
diiisr. thickness (^r.-tT.trt*t..tr.. ...... 
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Body. 



YL Circular cylinder — ^lengtii 2a, radios r, 

VIL Elliptic cylinder— length 2a, trans- 
verse semi-axes 5, c 

VJLLL Hollow circular cylinder— length 2a, 
external radius r, internal r', 

IX. Hollow circular cylinder, insensibly 
thin — length 2a, radius r, thickness 
dr, 

X Circular cylinder— length 2a, radius 
ry 

XL Elliptic cylinder — ^length 2a, trans- 
verse semi-axes 5, c, 

XTT. Hollow circular cylinder— length 2a, 
external radius r, internal r', 

Xm. Hollow circular cylinder, insensibly 
thin — ^radius r, thickness dr, 

XIV. Rectangular prism — dimensions 2a, 
26,2c 

XV. Rhombic prism— length 2a, diagonals 
26,2c, 

XVL Rhombic prism, as above, 





Radius.! 


Longitudinal 
axis, 2a 


2 


Longitudinal 
axis, 2a 


6«+c« 

4 


Lomritudinal 


2 




r> 


Transverse 
diameter 


T+-3 


Transverse 
axis, 26 


c» a« 
4+T 


Transverse 
diameter 


4 +3 


Transverse 
diameter 


r« a« 
2 + 3 


Axis, 2a 


6«+c« 
3 


Axis, 2a 


6«+c« 
6 


Diagonal, 26 


c> a« 
-6 + 3 



11. centre of PercBMloa — EqnivalcBt Simple Pendalani. — RULB 
I. — To find the centre of percussion of 
a given body turning about a given 
axis. 

In fig. 55, let XX be the given 
axis, and G the centre of gravity of 
the body. From G let fall G C perpen- 
dicular to XX. Through G draw GD 
parallel to X X, and equal to the 
radius of gyration of the body about 
the axis G D. Join C D. The n will 
C E = C D = ^/GD2 + CG2 = the 
radius of gyration of the body about 
X X From D draw D B perpen- Fig. 66. 
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diciilar to C D, cutting C G produced in B. Then will B be the 
centre of percussion of the body for the axis X X. 

GD* 

To find B by calculation; make G B = ^^ . 

C is the centre of percussion for an axis traversing B parallel 
to XX. 

B.ULB II. — ^To convert the body into an "equivalent simple 
pendulum" for the axis X X, or for an axis through B parallel to 
X X; divide the mass of the body into two parts inversely 
proportional to G C and G B, and conceive those parts to be 
concentrated at and B respectively, and rigidly connected 
together. 

(Let W be the whole mass, and C and B the two parts; then 
^ WGB ^ WGC\ 
^="CBr/ "CB~V 

(The "equivalent simple pendulum" has the same weight with 
the given body, and also the same moment of weight, and the same 
moment of inertia, with the given body, relatively to an axis in 
the given direction X X, traversing either C or B.) 

12. EqalTalent Ring, or Eqniralent FIr-whecL— When the given 
axis ti-averses the centre of gravity, G, there is no centre of per- 
cussion. The moment of the body's weight is nothing, and its 
moment of inertia is the same as if its whole mass were concentrated 
in a ring of a radius equal to the radius of gyration of the body. 
That ring may be called the "equivalent ring," or "equivalent 
fly-wheel." 

13. The CcBtre of PreMnre in a plane surface is the point 
traversed by the resultant of a pressure that is exerted at that 
surface. 

Bulb. — Conceive that upon the pressed surface as a base, there 
stands a prismatic solid of a height at each point of that surface 
proportional to the intensity of the pressure (page 103); the point 
in the pressed surface at the foot of a perpendicular from the centre 
of magnitude of the solid (pages 81 to 88) will be the centre of 
pressure. 

The following are particular cases : — 

L Vniform PreMure.— When the intensity is uniform, the centre 
of pressure is at the centre of mot>gnitude of the pressed surface. (See 
page 49.) 

II. Uttiforniiy TwFfin% PrvMiire.— When the intensity of the 
pressure varies simply as the perpendicular distance from a given 
axis, the centre of pressure is at the cerUre of percussion of the 
pre£»ed surface, relatively to that axis (see page 155); the surface 
being regarded as a thin plate of uniform thickness and 
heavinesa 
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Examples of Centres of TInifobmly-varying Pressure. 

In each of the following examples the greatest perpendicular 
distance of any point of the pressed surface from the axis is denoted 
by h; and that of the centre of pressure from the axis by h 



Fiouss ov Pbxssbd Subvacb. 


Axis. 


* = 


Parallelofirram. ,.t...T. ..ttTTTTt.TT 


One edge. 

One edge. 

( Through an angle, ) 

< and parallel to the > 

( opposite edge. ) 

Diameter. 

Tangent. 

( One edge ) 

] ofthe [ 

outer boundary. ) 

Do. 

Tangent to ) 

the outer > 

boundary. ) 

Do. 


\- 
\- 

0-68905A. 

A hh^ — h'K^ 
2"'"6A(6A--6'A'j- 

2A A" 

3 +6A' 
A. hh^-h'h'^ 
2'*"8A(6A-6'AT 

6A A" 
' 8'^8A- 




Trianfi»le. r....tTt,-tr..,..,TT.TtT... 


J.XXAUj^AC, 

Semicircle or aemi-eUipse, 

Circle or el1ipiFi6,"t..t.tt.. 


Hollow rectanj^le, — ) 

outer dimensions, 5 x A, > 

inner dimensions, 5' x A',.-- ) 

Hollow square, A« — A", 

Hollow ellipse, — ) 

outer dimensions, 6 x A, > 

inner dimensions, b' x A', ... 

Hollow circle, — 


inner diameter. A' ) 



14. The Centre of Bn^Taner of a solid wholly or partly immersed 
in a liquid is the centre of gi-avity of the mass of liquid displaced. 
The resultant pressure of the liquid on the solid is equal to the 
weight of liquid displaced, and is exerted vertically upwards 
through the centre of buoyancy. 
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PART V. 

EULES RELATING TO THE BALANCE AND STABILITY 
OF STRUCTURES. 



Section I. — Composition and Resolution op Forces. 

1. The Bcsnllant of a Distributed F«rce.->RuLE I.— ^To fiod the 

resultant of a body's weight; find the centre of gravity of the body 
(as in page 153); the resultant will be a single force equal to 
the weight, acting vertically downwards through the centre of 
gravity. 

Rule II. — To find the resultant of a pressure; find tbe centre of 
pressure (as in page 156); the resultant will be a single force equal 
in amount td the pressure, and acting in the same direction and 
through the centre of pressure. (The ammmt of the pressure is 
equal to the area of the pressed surface, multiplied by the mean 
intensity of the pressure, and is also equal to the weight of the 
imaginary prismatic solid mentioned in page 156, Article 13.) The 
mean intensity of an uniformly varying pressure is its intensity at 
the centre qfmagnittide of the pressed surface. (See page 49.) 

2. Resnllant •€ Fmrces acting throogh ane Paint. — RuLE III. 

If the forces act along one line, all in the same dii-ection, their 
resultant is equal to their sum ; if some act in one direction and 
some in the contrary direction, the resultant is their algehraical sutn; 
that is to say, add together separately the forces which act in the 
two contrary directions respectively; the difference of the two 
sums will be the amount of the resultant, and its direction will be 
the same with that of the forces whose sum is the greater. 

Rule IV. — If the forces act along 
tvx) lines, O X, O Y (fig. 56), lay oflT 
O A and O B along those lines, to 
represent the magnitudes of the 
given forces ; through A draw A C 
parallel to OB; through B draw 
B C parallel to O A, and cutting 
AC in C; join O C; the diagonal 
O C will represent th^ resultant 
required, in direction and magni- 
Kg. 66. tude. 
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Formula for finding the magnitude of O C by calculation J 

0C= a/|0A« + 0B2 + 20AOBcobAOB. I 
Formulae for finding the direction of O C by calculation : 
8inA0C = sinA0B-^; sin BO C = sin AOB-^. 

Rule V. — Given, the directions of three forces which balance 
each other, acting in one plane and through one point; construct a 
triangle whose sides make the same angles with each other that 
the directions of the forces do; the proportions of the forces to each 
other will be the same with those of the corresponding sides of 
that triangle. 

To solve the same question by calculation ; let A, B, C, stand 
for the magnitudes of the three forces; A O B, B O C, C O A, for 
the angles between their directions; then 

sinBOC:sinCOA:sinAOB::A:B:C. 

Each of those three forces is equal and opposite to the resultant 
of the other two. 

Rule VI.— To find the resultant of any number (F^, Fg, F3, 
&a, fig. 57) of forces in different direc- ^ 

tions, acting through one point, O. ^ 1^^^7\ 

Commence at the point of application, « — ^y ^^-''' / \ 

and construct a chain of lines repre- ^ -^j/j^^ ^ — ^ — -^° 
senting the forces in magnitude, and ^ >/\^^""'""^--»<:;/^^^^ 

parallel to them in direction, (O A = ' i^- — -V — V'"'** » 
and II F,, A B = and || Fg, B C = and 'fV^-; 

II F3, &C.) Let D be the end of that ^'^' ^^' 

chain ; join O D, this will represent the required resultant ; and 
a force (Fg) equal and opposite to O D will balance the given 
forces. 

(This rule is applicable whether the forces act in one plane or in 
different planes.) 

3. Bc«»lnti«M of a Force iat* IncIlBcd Conponeittfl.— A single 
force may be resolved into two inclined components in the same 
plane acting through the same point, or into three inclined com- 
ponents acting through the same point but not in the same plane. 

Rule VII. Tioo Components, ^In fig 56, page 158, let O C be the 
given force, and O X and O Y the directions of the required com- 
ponents. Through C draw C A parallel to O Y, cutting O X in 
A, and C B parallel to O X, cutting O Y in B; O A and O B 
wiil be the required components; and two forces respectively 
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equal to and direcUy opposed to these will balance O C. For the 
proportionate magnitudes of the components, see Article 2 of this 
section, Hule Y., page 159. 

Bulb VIII. Two Bectangular ComponerUa, — ^When the directionB 
of the required components are perpen- 
dicular to each other, let B denote the 
resultant, or force to be resolved; X and 
Y the required components, a and fi the 
angles which they make respectiyelj with 
R Then 

.^ ••+ /3= gO^jXrr Rcos« = Rsin/S; 
Y = Itcosj8 = Bsin*; 
X2 + Y« = R2. 

Observe that cosines of obtuse angles are 

negative. (See page 53, line 2.) 

Y gg Rule IX Three Componenia. — ^In fig. 

58, let OH represent the given force 

which it is required to resolve into three component forces, acting 

in the lines O X, O Y, O Z, which cut O H in one point O. 

Through H draw three planes parallel respectively to the planes 
Y O Z, Z O X, X O Y, and cutting respectively O X in- A, O Y in 
B, O Z in C. Then will O A, OB, 0, represent the component 
forces required. 

Bulb X Three Rectangvla/r Components, — ^When the directions 
of the three requii'ed components are perpendicular to each other, 
let B denote the resultant, or force to be resolved, X, Y, Z, the 
required components, and «, /S, y, the angles which they respec- 
tively make with R Then 

cos 2« + cos 2/3 + cos 2y = 1 ; X = B COS « ,* 

Y = B cos /3; Z = B cos y; X2 + Y2 + Z2 = B* 

Observe that cosines of obtuse angles are negative. (See page 53, 
line 2.) 

4. Beaaltant of any Nomber of Inelined Forces Aetinc tlu«iigh 
one Point. — To solve the same question by calculation that is 
solved in Bule VI. by construction. 

BuLE XI. (When the forces act in one pUme) — ^Assume any 
two directions at right angles to each other as axes; resolve each 
force into two components (X, Y) along those axes; take the 
resultants of those components along the two axes separately 
(2 X, 2) Y) ; these will be the rectangviar components of the resuUcmi 
BiO/all the forces; that is to say. 
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and if « be the angle which R makes with X, 

2X . 2Y 

cos « = —=^-1 sin « = -^5-. 

B.ULE XII. (When the forces act in different planes). — Assume 
any three directions at right angles to each other as axes; resolve 
each force into three components (X, Y, Z) along those axes; take 
the resultants of the components along the three axes separately 
(2 X, 2 Y, 2 Z); these will be the rectangvlcvr components of the 
restdtant of all the forces; and its magnitude and direction will be 
given by the following equations : — 

R = a/|(2X)2 + (2Y)2 + (2Z)2L 

2X ^ 2Y 2Z 

cos « = -^ ; COS /3 = ^-; cos y = -^. 

5. Conplefl.— In fig. 59, let F, F, represent a couple of equal, 
parallel, and opposite forces, applied to a rigid body, and not acting 
in the same line ; L, the perpendicular 
distance between their lines of action; 
then F is the force of the couple, 
L the arm^ span, or leverage; and the 
product force x leverage = F L, is the 
statical moment of the couple, which is 
right or left-handed according as the 
couple tends to turn the rigid body, as *^* ' 

seen by the spectator, with or against the hands of a watch. (For 
measures of statical moment, see page 104, Article 7.) Couples of 
the same moment, acting in the same direction, and in the same 
plane or in parallel planes, are equivalent to each other. 

Rule XIII. — To find the resultant moment of any number of 
couples acting on a rigid body in the same plane, or in parallel 
planes. Take the sums of the right-handed and left-handed 
moments separately; the difference between those sums will be 
the resultant moment, which will be right-handed or left-handed 
according to the direction of the moments whose sum is the 
greater. 

Rule XIV. — To represent the moment of a couple by a single 
line. TJpoii any line perpendicular to the plane of the couple, set 
off a length proportional to the moment (O M, Gg, 59), in such a 
direction that to a spectator looking from O towards M, the couple 
shall seem right-handed. The line O M is called the aocis of the 
couple. 

Couples as represented by their axes are compounded and 
resolved like single forces, by Rules I. to XII. of this section. 
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Fig. 60. 



Rule XV. — To find the resultant of a single force, F, applied 
to a rigid body at O, and a couple, M, acting on the same body in 

the same or in a parallel plane. 
Conceive the force, F, to be 
shifted in that plane, parallel 
to itself, to the left if the couple 
is right-handed, to the right 
if the couple is left-handed, 
through a distance, O A, found 
by dividing M by F. Tlio 
shifted single force, F actin;; 
through A, will ]>e the resultant 
required. 

(The combination of a single force with a couple acting in a plane 
perpendicular to the line of action of the force cannot be further 
simplified.) 

Rule XVI. — ^To resolve a single force into a single force acting 
in a different but parallel line, and a couple. In fig. 60, let F be the 
given force acting in the line E D, and B a given point not in E D. 
Through B conceive a pair of equal and contrary 
forces to act in a line parallel to E D ; viz., + F 
equal to F and in the same direction; and — F 
equal to F and in the contrary direction ; also, 
let fall B A perpendicular to E D. Then the 
original force F acting through A, is resolved 
into the equal and parallel force F acting 
through B, and the couple of forces F and — F, 
with the arm A B and moment F x A B ; which 
couple is right or left-handed according as B lies 
to the right or left of F, relatively to a spectator 
looking in the direction towards which F acts. 

F X A B is called the moment of the force F 
rdativdy to the point B; or relatively to the 
aods O X traversing B in a direction perpen- 
dicuUr to the plane of F and A B; or relatively to a plane 
traversing B perpendiculai'ly to A B. 

6. Parallel Forces — RuLE XVII. — To find the resultant of two 
parallel forces. The resultant is in the same plane with, and 
parallel to, the components. It is their sum or difference according 
us they act in the same or contrary directions ; and in the latter 
case its direction is that of the greater component. To find its 
line of action by construction, proceed as follows: — Fig. 62 repre- 
senting the case in which the components act in the same direction, 
fig. 63 that in which ^they act in contrary directions. Let A D 
and B E be the components. Join A E and B D, cutting each 
other in F. In B D (produced in fig. 63), take B G = D F. 
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Tlirough G draw a lino parallel to the components; this will be 
the line of action of the resultant To find its magnitude by con- 




struction : parallel to A E, draw B C and D H, cutting the line 
of action of the resultant in C and H; C H will represent the 
resultant required ; and a force equal and opposite to C H will 
balance A D and B R 

To find the line of action of the resultant by calculation; make 
either 



BG = 



ADDB 

CH ' 



^^ BEDB 
or D G = — CH— 



Rule XYIII. — When the two given parallel forces are opposite 
and equal, they form a couple, and have no single resultant. 

Rule XIX. — To find the relative pro- 
portions of three parallel forces which balance 
each other, acting in one plane; their lines 
of action b^ing given. Across the three 
lines of action, in any convenient position, 
draw a straight line A C B, fig. 64, and 
measure the distances between the points 
where it cuts the lines of action. Then 
each force wiU be proportional to the dis- 
tance between the lines of action of the 
other two. The direction of the middle 
force is contrary to that of the other two 
forces, A and B. 

In symbols, let A, B, and 0, be the foi-ces ; then, 




Fig. 64. 



A + B + C = 0; AB:BC:OB::C:A:B. 




164 BALANCE AND STABILITY OP STRUCTURES. 

Each of the three forces is equal and opposite to the resultant of 
the other two ; and each pair of forces are equal and opposite to 
the components of the third. Hence this rule serves to resolve a 
given force into two parallel components, acting in given lines in 
the same plane. 

E.ULE XX. — ^To find the relative proportions of four parallel 
forces which balance eaoh other, not acting 
in one plane; their lines of action being 
given. Conceive a plane to cross the lines of 
action in any convenient position; and in 
&g. 65 or fig. 66, let A, B, C, D, represent 
the points where the four lines of action cut 
the plane. Draw the six straight lines 
joining those four points by pairs. Then 
the force which acts through each point will 
be proportional to the area of the triangle 
Fig. 65. formed by the other three points. 

In £g. 65, the directions of the forces at 
A, B, and C, are the same, and are contrary to that of the force at 
D. In fig. 66 the forces at A and D act in one direction, and 
^ those at B and C in the contrary direction. 

In symbols, 

A + B+O+D = 0; 

BCD:CDA:DAB:ABO 

Fig.6?. :: A : B : C : D. 

Each of the four forces is equal and opposite to the resultant of the 
other three ; and each set of three forces are equal and opposite to 
the components of the fourth. Hence the rule serves to resolve 
a force into three parallel components not acting in one plane. 

Rule XXI. — To find the resultant of any number of parallel 
forces. 

Case I. — ^When the parallel forces act all in one direction, the 
magnitude of their resultant is their sum. Consider the parallel 
forces as detached weights, and find the position of the common 
centre of gravity of those weights by Part IV,, Article 9, Rule III., 
(page 153); the line of action of the resultant will pass through 
that centre. 

Case II. — ^When the parallel forces act in two contrary direc- 
tions. Find separately, as in Case I., the magnitudes and lines of 
action of the resultants of the forces which act in the two contrary 
directions respectively; if those two resultants are unequal, find 
the final resultant by Rule XVII. ; if they are equal, tiiey form 
a couple, and have no single force as a resultant 
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Section II. — Frames, Chains, and Linear Ribs. ■ 

1. Triangnlar and Polygonal Frames.— A frame consists of bars 
connected together at their ends by joints which offer no sensible 
resistance to the turning of one bar into a different angular 
position relatively to the next, the resistance to such turning 
being given by the fixing of the farther ends of the bars alone. 
The point in a given joint about which such turning would take 
place is called the centre of resistance of the joint; the straight 
line joining the centres of resistance at the ends of a bar is called 
the line of resistance of that bar. A bar is called a stmt, or a tie, 
according as a thrust or a pull is exerted along its line of resist- 
ance. A figure showing the centres of resistance and lines of 
resistance alone may be called the skeleton diagram, of a frame. 
When a joint is spoken of as a point, its centre of resistance is 
meant \ when a bar is spoken of as a line, its line of resistance 
is meant. 

When the balance and stability of a frame alone are in question, 
and not its strength, the load may be treated as if concentrated at 
the centre of resistance; and if not actually so concentrated, the 
following rule is to be used : — 

Rule I. — Given, the actual load distributed over a frame, whether 
arising from external forces or from its own weight, and the distri- 
bution of that load; to find the equivalent load concentrated at the 
centres of resistance of the joints. By the rules of the preceding 
section, and of Part IV., find the resultant of the load on each 
bar; then, by Rule XIX. of the preceding section (page 163), 
resolve each such resultant into two parallel components acting 
through the centres of resistance at the ends of that bar; then 
take the resultants of those components for each joint separately; 
' those resultants will form the equivalent load required. 

Rule II. — Given, the load on a frame, and the line or lines of 
resistance of its supports; to find the supporting force or forces, 
commence by finding the i*esultant of the whole load by the rules 
of the preceding section, and of Part IV, 

Case I. — If there is but one support, its line of resistance must 
coincide with the line of action of the resultant of the whole 
load ; and the supporting force must be equal and opposite to that 
resultant. 

Case II. — When there are two supports, their lines of resistance 
must be in the same plane with the line of action of the resultant 
load, and must either be parallel to it, or, if inclined, cut it in one 
point If parallel, use Rule XIX. (page 163), or, if inclined, use 
Rule VII. (page 159) of the preceding section to resolve the re- 
sultant load into two components acting along the lines of resistance 
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of the supports; the two supporting forces will be equal and 
opposite to those components. 

Case III. — When there are three supports, their lines of resist- 
ance must be either parallel to the line of action of the resultant 
load, or must cut it in one point. If parallel, use Rule XX. (page 
164), or, if inclined, use Rule IX. (page 160) of the preceding 
section, to resolve the resultant load into three components acting 
along the lines of resistance of the supports; the three suppoi'ting 
forces will be equal and opposite to those components. 

Remark. — In all the following rules, those components of a 
distributed load which, as found by Rule I., rest directly on the 
supports of the frame, are understood to be left out of account; and 
the supporting forces are supposed to be determined exclimve of 
such parts of them as are required in order to sustain such direct 
loads on the supports. 

Rule III. — To distinguish struts from ties. In fig. 67, let A. C 
and B be the lines of resistance of two bars of a fi*ame meeting 

at the joint C. Produce those lines 
beyond C, as shown by C D, C E ; 
and draw a line to represent the 
direction of the load at C. Then, if 
that direction lies between A C pro- 
duced and B C produced, as at 1, 
both bars are ties ; if between A. C 
produced and C B, as at 2, A C is a 
tie and B C a strut; if between C A. 
and C B, as at 3, both bars are struts ; 
if between C A and B C produced, as at 4, A C is a strut and B C 
a tie. 

Remark as to stability and instability. — ^A tie is stable, even 
although one or both ends are moveable. A strut is unstable, 
unless both ends are fixed. A frame composed altogether of ties 
is stable even although flexible. A frame containing struts must 
be stiffened, so as to fix their positions. 





Fig. 68. Fig. 69. 

Rule IV. — Given, in a triangular frame, loaded and supportea 
vertically, the skeleton diagram (fig. 68), to find the relative pro- 
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portions of the forces acting in the frame. Let A, B, C, be the 
three bars, 1, 2, 3, the three joints. Construct the diagram of 
JbrceSy fig. 69, as follows \- — From any point, O, draw 
O A, O B, O O, parallel to the lines of resistance 
A, B, C, respectively ; then across those three lines 
draw the vertical line ABC. Then the required 
Ijroportions are as follows : — 



Load 
on 



Supporting 
Forces at 

9 



CA : AB 



3 
BC 



Stress Along 

A : B : C 
O A :0B :0C; 




Fig. 71. 



and from these proportions, if any one of the six 
forces is given, the other five may be found. 

From O, perpendicular to A B C, draw O H. 
This will represent the horizontal stress of the frame, which is the 
same in each bar. To find this and the other forces by calculation 
from the load C A, let a, 6, c, be the angles of slope of the three 
lines of resistance^ then 

0H= ^^ 



tan c : 



tan a* 



A B = O H • (tan a =^ tan 6); B C = O H • (tan 6 dtz tan c). 



The sign 



{-} 



is to be used when the two ) opposite directions 
inclinations are in j the same direction. 



0A=0H^seca;0B = 0H-sec6;0C = 0Hsecc. 

Rule V. — Given, in a polygonal frame, loaded and supported 
vertically, the skeleton diagram, fig. 70, to find the relative pro- 
portions of the forces. Let A, B, C, D, E be the bars; 1, 2, 3, 4, 5, 
the joints, of which 1, 2, 3 are loaded, and 4, 5, supported. Con- 
struct the diagram of forces, fig. 71, as follows: — From any poiut, 
O, draw radiating lines, O A, O B, O C, <fec., parallel respectively to 
the lines of resistance A, B, C, (fee, in fig. 70. Then draw a 
vertical line, A D, across the radiating lines. Then, taking the 
whole length, A D, to represent the whole load, the several parts into 
which that length is cut by the lines O B, O C, (fee, will represent 
the parts of the load which must rest on the several loaded joints 
in order that the frame may be balanced. For example, B C in ^^. 
71 represents the part of the load to be applied at the joint 2 in 
fig. 70, where the bars B and C meet. Also, the parts D E and 
E A into which A D is divided by the line A E, parallel to the 
bar E, which connects the points of support, 4 and 5, in fig. 70, 
represent the supporting forces at those points respectively. The 
lengths of the radiating lines O A, (fee, represent the stresses along 
the lines of resistance to which they a,re respectively parallel 
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From O let fall on A D the perpendicular O H. This will 
represent the horizarUal stress of the frame. 

Remarks. — By omitting from the skeleton diagram, fig. 70, the 
bar E, which connects the points of support, the frame becomes an 
open Jrame, in which case the supporting forces become identical 
with the stresses along the outer bars, A and D, and are repre- 
sented by D O and O A in fig. 71. The obliquity of those forces 
renders dbiUmerUs necessaiy at 4 and 5, and not mere vertical 
supports. 

The frame shown in fig. 70 consists chiefly of struiis, and is 
therefore unstable unless their ends are fixed by means of suitable 
stays. If the same figure be inverted, the bars which were struts 
become ties, and the frame is stable, although flexible. 

Rule VI. — Given, in a vertically-loaded polygonal frame, the 
load and its distribution, and the inclinations of the two outer bars, 
A and D, fig. 70 ; to find the inclinations of the remaining loaded 
bars, in order that they may be balanced. In fig. 71 draw a ver- 
tical line, A D, to represent the whole load, and divide it into 
paints, A B, B 0, (fee, to represent the parts of that load which are 
to be supported at the several loaded joints. From the ends of 
that line draw A O and D O parallel to the lines of resistance of 
the two outer bars, and cutting each other in O; then draw 
radiating lines, O B, O C, <fec., from O to the points of division of 
A D; these will be parallel to the lines of resistance whose 
inclinations are required. 

Rule VII. — Given, in a polygonal frame, vertically loaded, the 
total load and the inclinations of the lines of resistance of the two 
outer bars; to find the horizontal stress, divide the load by the 
sum of the tangents of those inclinations, if they are contrary, or 
by the difference of those tangents, if the inclinations are similar. 

Rule VIII. — Given, the skeleton diagram of a vertically-loaded 
polygonal frame and the horizontal stress ; to find how much of the 
load is supported between any two bars, multiply the horizontal 
stress by the difference of the tangents of the inclinations of the 
lines of resistance of those bars, if they slope the same way, or by 
the sum of those tangents, if the lines of resistance slope contrary 
ways. 

Rule IX. — From the same data, to find the stress along a given 
bar; multiply the horizontal sti-ess by the secant of the inclination 
of the line of resistance of that bar. 

2. Braced Fniiiie»-~]!Iethod of Trianglec— When the external 
forces applied to a &ame, although balancing esuch other as an 
entire system, are distributed in a manner not consistent with the 
equilibrium of each bar separately; then, in the diagram of forces, 
upon attempting to construct a scale of loads having its points of 
division on the radiating lines, as in fig. 71, gaps will be left iu 
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Fig. 72. 



that scale. The lines necessary to fill up those gaps will indicate 
the forces to be supplied by means of the resistance of braces. 
These may be either struts or ties, connecting two or more joints 
together. 

The resistance of a brace introduces a pair of equal and opposite 
forces, acting along the line of resistance of the brace^ upon the 
pair of joints which it connects. 

3. Method of SecfioMa Applied te FrRmea^^When a vertically- 
loaded braced frame is 
so designed that & 
vertical cross- section 
of it at any point 
cuts not more than 
three lines of resist- 
ance, the method of 
sections may be ap- 
plied as follows : — The 
npper and lower bars, 
as 13, 3 5, &c., and 
2, 2 4, 4 6, &c., in 
fig. 72, may be called 
the stringers, and the intermediate bars, 01, 12, 2 3, &c., the 
braces, 

KuLE T. — GiveBf the skeleton diagram, and the load at each of 
the joints (1, 2, 3, &c.), to find the stress exerted along any one of 
the stringers (as 3 5). Find the supporting forces by Rule II. of 
the last Ai-ticle (page 165). Then conceive the frame divided into 
two parts, by a section travelling the joint that is opposite 
the stringer under consideration (for example, the joint 4, opposite 
the stringer 3 5). Take the resultant moment relatively to the 
joint 4 (see preceding section) of all the external forces which act 
on one of those parts. (That is to say, in the present example, 
take the moment of the supporting force at the joint O, by 
multiplying it by its horizontal distance from 4; and from that 
moment subtract the moments of the several parts of the load 
which act at 1, 2, and 3.) From the joint (4) opposite the 
stringer in question, let fall a perpendicular (4 P) on the line of 
resistance of the stringer (35); divide the resultant moment by 
the length of that perpendicular; the quotient will be the stress 
along the stringer in question. To find whether that stress is 
thrust or tension, consider in which direction the resultant mo- 
ment tends to turn the part of the frame on which it acts about 
the joint (4); the stress will be of the kind which resists that 
tendency. (In the example the stress is thrust for the upper 
Stringers, tension for the lower.) 

BuLE U. — ^To find the vertical component of the stress along a 
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stringer, multiply the whole stress by the difference of level of tlie 
ends of the stringer, and divide by the length of the stringer. 

If the stringer is horizontal, its stress has no vertical component. 

The stress of each stringer having been found, the next step is 
as follows : — 

Rule III. — In the same case, to find the stress along any one of 
the braces (for example, 3 4). Conceive the frame to be divided 
into two parts by a vertical section, S S, traversing the brace in 
question. Take the resultant of all the external forces which act 
on one of those divisions. (That is to say, in the example shown, 
from the supporting force at the joint O subtract the loads at the 
joints 1, 2, 3.) With that resultant combine the vertical com- 
ponents (if any) of the stresses along the two stringers cut by the 
section (in this case 3 5 and 2 4). The vertical component of the 
required stress on the brace will be equal and opposite to the final 
resultant found by the preceding processes, and being multiplied 
by the ratio in which the length of the brace is greater than the 
difference of level of iU ends, will give the whole stress along 
the brace. 

4. liimded Chafnc — ^RuLE I. — Given the figure of a loaded chain, 
C B A D ; to find the position of the resultant load on any part of 
it, A B, and the relative proportions of the forces acting on that 

part of the chain. Draw- 
ls ? tangents, A P and B P, 

/ to the chain at the two 
«nds of the part in ques- 
tion, cutting each other in 
P; the line of action of 
the resultant load on the 
I)art A B traverses the 
point P. Also, construct 
^'^' ^^' a triangle (such as B P X), 

with its three sides parallel respectively to the two tangents and 
the resultant load: those three sides will bear to each other the 
relative proportions of the tensions at A and B, and the load sup- 
ported between A and B. 

Rule II. — Given, in a verticall7/-lo8ided chain, the total load, 
and the figure in which the chain hangs ; to find the distribution 
of the load, and the tension at any point of the chain. Construct 
the diagram of forces, fig. 74, as follows: — Draw a vertical straight 
line, C D, to represent the total load, and from its ends draw C O 
and DO, parallel to two tangents at the points of supp<M:t of the 
<;hain, and ineeting in ; those lines will represent the tensions 
on the chain .at its point of support. 

Let A, in fig. 73, be the lowest point of the chain. In ^g. 74 
draw the horizontal line O A; this will represent the horizontal 
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component of tbe tension of the chain at every point, and if ^0 B be 
jjarallel to a tangent to the chain at any point B, A B, in &g, 74, 
will represent the portion of the load supported between A and B, 
and O B the tension at B. 

EuLE III. — Given, in a vertically loaded chain, the load and its 
distribution ; the points of suspension, C and C (fig. 
75), which points are supposed at the same level, 
and the horizontal tangent, H H', at the lowest 
point of the chain ; to construct the figure in which 
the chain will hang. By Rule XXI. of the pre- 
ceding section (page 164), find the resultant load, 
B ; then by Rule XIX. of the same section (page 
163), find the vertical Components, P and F, of the 
two supporting forces (equal and opposite to two 
parallel components of E, through C and C). Then, 
from the known distribution of the load, find 
the position of a vertical line, A F, dividing the 
total load, R = P + F, into two parts equal to the adjacent 
supporting forces, P and F respectively.; the point A, where 




Fig. 74. 




Fig. 75. 

that vertical line cuts the horizontal tangent H H', will be the 
loioeat point oj the chain, Next, to find the horizontal teoasion; 




iFig. 76. 

conceive the chain divided into two parts by a vertical plane 
through A F; take the resultant moment, relatively to that plane, 
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of all the vertical forces which act on one of those parts : for 
example, of the supporting force P, and of those paHs of the load 
which hang between C and A ; divide that moment by the greatest 
depression, FA; the quotient will be the horizontal tension. 
Lastly, to find the depression, X B, of any other point, B, of the 
chain below the level of the points of support; conceive the chain 
to be divided into two parts by a vertical plane through X B; find 
the resultant moment, relatively to that plane, of all the vertical 
forces which act on one of those parts; that is, of the supporting 
force P, and of those parts of the load which hang between C and 
B; divide that resultant moment by the horizontal tension; the 
quotient will be the required depression, X B. 

The resultant tensions at the points of support are, respectively, 
J (H2 + P2) and J (H® + F2), where H denotes the horizontal 
tension. 

A balanced chain, being inverted, gives the cu/rm of equilibrium 
for a rib loaded in the same manner with the chain. The tensions 
in the chain became thrusts in the rib. 

5. ChaiBt -vrltli liead Uniform orer the Span. — The assumption 
that the load is uniformly distributed over the span of a chain is, 
in most cases of suspension bridges, near enough to the truth for 
practical purposes. In fig. 76 let B A be a chain so loaded; A, 
its lowest point; D A E, a horizontal tangent at that point; B 
and C, the points of support; B D and C E, vertical lines through 
them. The curve B A C is a common parabola, with its vertex at 
A. Let D E = a; B D = y^; C E = yg; A D = ic^; A E = ic^; 
so that Xj^ -^ X2 = a. 

Rule I. — Given, the elevations, y^, y^y of the two points of 
support of the chain above its lowest point, and also the horizontal 
distance, or span, a, between those points of support; it is required 
to find the horizontal distances, a^, aig, of the lowest point from the 
two points of support : also the focal distance, m, of the parabola. 

^ = a» ■ ^^\ ; X, = a- , ^ ^^ -. 



When the points of support are at the same level, 

a a^ 

In the latter case the height y^ = yg ^^ called the depression. 
Rule II. — Given j the same data, to find the inclinations, ij, tj, 
of the chain at the points of suppoi-t. 
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tani. = ?ii = 2lL±l^/M. tanL = ii^« = ^VllA^JM^. 
"when the points of support are at the same level, 
t/i = t/i'y tan tj = tan ig = — ^. 

BuLE III. — Given, the same data, and the load, p, per unit ol 
length : required the horizontal tension, H, and the tensions, R^, Rg, 
at the points of support. 

B. = 2pm = —^ P^ 



When the points of suppoi-t are at the same level, or that y^ = yg* 
those equations become 

H.||,K..B,.=J(,.1«). 

Rule TV. — Given, the same data as in Problem First, to find 
the length of the chain. 

Calculate the lengths of the arcs A B = *j, and AC = s^, by 
the rules of page 79, Article 5, and add them together. 

Rule Y. — Given, the same data, to find, approximately, the 
small elongation of the chain d (^j + 8^ required to produce a given 
small depression, d y, of the lowest point A, and conversely. 

^(^1 + ^2) = f M + l^\ 
dy 3\Xj^ xj' 

When yi = ^g? *^ equation becomes 

2 d 8^ __ 16 i/i 
d y ~ 3a' 

These formulse serve to compute the depression which the middle 
point of a suspension bridge undergoes in consequence of a given 
^ elongation of the cable or chain, whether caused by heat or by 
tension. 

Rule YL — To find the pressure on the top of each pier. If the 
chain passes over a curved plate on the top of the pier called a 
saddle, on which it is free to slide, the tensions of the portions of 
tlie chain or cable on either side of the saddle will be sensibly 
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equal; and in order that those tensions may compose a vertical 
pressure on the pier, their inclinations must be equal and opposite- 
Let i be the common value of those inclinations; R the common 
value of the two tensions; then the vertical pressure on the pier is- 

V = 2 R sin t = 2 H tan ^ = 2 ;? ar; 

that is, twice the weight of the jKwtion of the bridge between the 
pier and the lowest point, A, of the chain. 

But if the two divisions of the chain which meet at the top of a 
given pier ai-e made fast to a truck, which is supported by rollers on 
a horizontal cast-iron platform on the top of the pier, let i, i\ be 
the inclinations of the two divisions of the chain or cable in opposite 
directions, and R, R', their tensions; then 

R = H sec i; R' = H sec i'; 
V = R sin i + R' sin i' = H (tan i + tan H). 

6. The CatenaiT is the curve in which an uniform chain hangs, 
when loaded with its own weight only, or with a load everywhere 
proportional to its own weight (See &g. 22, page 80, and its 
explanation.) 

Rule I. — Given, in fig. 77, the catenary A B, and its directrix 
O X, and the weight of an unit of length of 
the chain; to find the hoiizontal tension. 
Multiply the parameter O A by the weight 
of an unit of length of chain. 

Rule II. — To find the tension at any 
point, B, of the chain. Multiply the height 
of the ordinate 'X B from the directrix to 
the given point, by the weight of an unit of 
length of chain. 

7. A Catenarian Kib is of the figure of a catenary inverted, the 
directrix being above the curve, and the cuive concave downwards. 
To represent it, conceive fig, 77 to be turned upside down. It is 
the form of equilibrium for an arched rib loaded in such a manner 
that the load on any arc, A B, is proportional to the area, O A B X, 
of the spandril, or space between the rib and its directrix. 

Rule I. — Given, a catenarian rib and its directrix, and the 
weight of load corresponding to an unit of area of spandril ; to find 
the horizontal thrust. Multiply the square of the parameter O A 
by the load per unit of area. 

Rule II. — To find the thrust at any point, B, of the rib. Mul- 
tiply together the parameter O A, the ordinate X B, and the load 
per unit of area. 

A Transformed Catenarian Rib is a CUrve SUch aS a & in fig. 77 

(still supposed to be turned upside down), which curve is so rehkted 




CATEKARIA17 BICS» 



175 



to the common catenary, A B, that the ordinates drawn to it from 
the directrix, O X, of both curves, such as Oa and X6, bear every- 
where a constant proportion to the corresponding ordinates, such 
as O A and X B, of the common catenaiy ; or, in symbols. 



y 



Xb 
XB 



Oa 
OA 



a 
m 



constant. 



A traneformed catenary is a form of equilibrium for a« arched rib 
loaded in such a manner that the load on any arc, a b, is propor- 
tional to the area of spandril, O a 5 X. 

Rule III. — Given, in a transformed catenary, the least ordinate, 
O A = a; any other ordinate, X B = ^; and the half-span, or 
distance between them, O X = a?; to find the parameter, O A = m, 
of the corresponding common catenary. Use the following formula : 



m 



= ..hyp.log.g + y'^^_l). 



(For hyperbolic logarithms, see page 38. For squares and square 
roots, see page 11.) 

Rule IV. — In a transformed catenarian rib under a given load 
per unit of area of spandril, to find the horizontal thrust ; multiply 
the square of the parameter A O (found by Rule III.) by the load 
per unit of area of spandril. 

Rule V. — To find the thrust along the rib at any point, B; let 
H denote the horizontal thrust; P, the vertical load corresponding 
to the area of spandril, a 6 X; T, the required thrust; then 
T=r^(H2 4-p2). 

Rule VI. — To find the radius of curvature of a transformed 
catenary at its vertex or crown, a; divide the square of the para- 
meter, O A, by the least ordinate, Oa. 

(The radius of curvature of a common catenary at its vertex. A, 
is equal to the parameter, O A.) 

Table for Catenarian Ribs. 



X 


y 


mdy 


X 


1 


mdy 


m 


a 


adx 


m 


a 


adx 


o 


I -0000 


•0000 


1-6 


2'^1U 


2-3755 


0-2 


I -0200 


•2013 


1-8 


3*1074 


2-9421 


0-4 


i-o8io 


•4107 


2-0 


37622 


3-6269 


0-6 


I-I854 


•6366 


2-2 


45679 


4-4571 


0-8 


1-3373 


•8880 


2-4 


5-5569 


54662 


10 


I-543I 


1-1752 


2-6 


67690 


66947 


1-2 


I -8106 


1-5094 


2-8 


82526 


8-1918 


1*4 


2-1509 


1-9043 


30 


100676 


10-0178 
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To interpolate the ordinate, y 
mediate half-span, x 
make 



: r, corresponding to an inter- 
u, when ^ corresponds to - in the table; 



y±r_ 



^y(^^ *** A ^^\^^^^y (^A. — \ 

^a\ '^2 m2^ 24 wV ad x\m^ Q my 

This computation is to be performed by addition to the number 
next below in the table, or by subtraction from the number next 
above, according as the intermediate half-span lies nearer to the one 
next below it or to that next above it. 

8. VMiformif Prc«Md H««pa. — ^The stress on a hoop is tension if 
it is pressed from within; thrust if it is pressed from without. If 
the pressure is uniform, of equal intensity in all directions, and 
normal to the hoop, the form of equilibrium of the hoop is a circle. 
If the pressure is compounded of two uniform pressures in directions 
at right-angles to each other, of different intensities, that form is 
an ellipse. 

KuLE I. — To find the stress on a circular hoop; multiply the' 
pressure per unit of length of the hoop by the radius of the hoop. 

KuLE 11. — To find the ratio of the greater and lesser axes of an 
equilibrated elliptic hoop, subjected to two uniform pressures of 
dijSerent intensities in directions perpendicular to each other; ex- 
tract the square root of the ratio of the intensities of the pressures. 
The greater axis will lie in the direction of the more intense pressure. 

KuLE III. — ^To find the stress on an equilibrated elliptic hoop 
at the end of one of its axes; multiply half the length of that axis 
by the pressure per unit of length in a direction perpendicular 
to it. 

9. A Hfdroatatfe Rib is adapted to bear a pressure which, like 
that of a liquid, is everywhere normal to the rib, and which, at 



rr o 


■^ 






X 


"""-^■^^ ''''* 




-1 


['J)b 



Fig. 78. 

any point, C, has an intensity proportional to the depth of spandril, 
C Y, between the rib and its horizontal directrix, Y O Y. The 
radius of curvature at each point, such as C, is inversely proportional 
to the depth of spandril, C Y. 
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The total tlirust at every point of a hydrostatic rib is uniform, 
and is equal to the load on the half-rib A B. 

In wluit follows, the rib is supposed to spring vertically from its 
abutments at 6, B. 

BuLE I. — Given, the half-span, F B = c, and the rise, F A = a, 
of a hydrostatic rib; to find the proper depth of load at the crown, 
A O = A, cbpproximcUelt/, 

Make h = c+ oTj—; then h = p g, nearly. 

BuLE II. — ^To find the area of spandril corresponding to the 

T 
uniform thrust along the rib; call that area -, in which T repre- 
sents the thrust, and w the load per unit of area of spandril; then 

BuLE III. — To calculate the thrust; being also the load on 
the half-rib. 

r,2 



T = «(J + «4 



BuLE rV. — To find the radius of curvature at a point where 
the depth of spandril, Y = a?, is given ; divide the area found by 
Rule II. by the depth of spandril; that is to say, let r be the 
radius of curvature at C; then 



r = - 



2x 



The radii of curvature at the crown, A, and springing, B, are as 
follows : 

AtA,ro = — 2^5— ;atB,r, = ^^^^P^. 

A sufficient number of radii having been computed, the figure of 
the rib may be constructed to any required degree of approximation 
by drawing a series of short circular arcs. 

BuLE V. — To draw, approximately, the figure of a hydrostatic 
rib with three radii only. By Bule IV., find the radii of curva- 
ture, Tq, r^, at the crown and springing. From the crown. A, 
di-aw vertically A C = r^; and from the springing, B, draw 
horizontally B D = r,. C and D will be the centres of curvature 
for the crown and sprmging respectively. 

About D, with the radius DE=FA — BD, describe a circular 
arc, and about C, with the radius C E = C F, describe another 

N 
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circular arc; let E be the point of intersection of those arcs; this 
will be a third centre; and two more centres will be similarly 
situated to D and £ with res|)ect to the other half- rib. 

Then about C, with the radius A, draw the 
circular arc A G till it cuts C E produced in G; 
about E, with the radius E G = F A, draw the 
circular arc G H till it cuts E D produced in 
H; about D, with the radius D B, draw the 
circular arc H B. This completes one half-rib, 
and the other is drawn in the same manner^ 

The curve thus drawn falls a little beyond 
the true hydrostatic rib at G, and a little 
within it at H. 

10. A Rib of any Figaf«, under a vertical load 
distributed in any manneTy being given, it is 
always possible to determine a system of hori- 
zontal pressures, which, being applied to that 
rib, will keep it in equilibrio. 

EuLE I. — To find the total horizontal pres- 
■ure against the rib below a given point. In fig. 80 let C be any 
point in the rib^ and A its crown. 



Vy 




Fig. 79. 





Fig. 80. 



Fig. 81. 



In the diagram of forces, ^g. 81, draw o c parallel to a tangent 
to the lib at 0. Draw t^he vertical line o 6 as a sccde ofload»^ on 
which take o A = P to represent the vertical load supported on the 
arc A C. Through h draw the horizontal line h c, cutting o c in c; 
then c = T will be the thrust along the rib at C, and /» c = H, 
the horizontal component of that thrust, will be the M>al horizontal 
pressure which must be exerted against C B, tlie part of the rib 
below C. 

At the crown, A, the preceding Bule fails ; and the following is 
to be used. 

Bule II. — To find the thrust at the crown of the rib; multiply 
the radius of curvature at the crown by the vertical load per lineal 
unit of span there. 
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Rule III. — To find the horizontal pressure required in a given 
layer of the spandril. 

Let C (fig. 80) be a point in the rib a short way below C. In 
the diagram of forces (fig. 81) draw o d parallel to a tangent to the 
rib at O'j on the vertical scale of loads take o h\ vertical load 
on the arc A C; draw the horizontal line h' c' cutting oe' iatf. 
Then o </ = T' is the thrust along the rib at C; and h' c' = H', the 
horizontal component of that thrust, is the horizontal pressure 
which must be exerted against the part of the rib below C. H being, 
as before, the horizontal component of the thrust at C, the difference 
H — H' will represent the horizontal pressure required to be 
exerted through the horizontal layer C E K C 

If H diminishes in going downwards, as in the example given, 
pressure from with(mt is required through the layer. Through 
those layers at which H increases in going downwoArds, either tension 
from tffitJunUy or pressure Jrom wiUuny is required to keep the rib 
in equilibrio. 

BuLE lY. — To find the greatest horizontal thrust, and the 
"point of mpture," and "angle of rupture." 

Through o, in fig. 81, draw a number of radiating lines, sach as 
oc, o&, &c, parallel to the rib at various points, as C, C, Ac, and 
find, as in Rules I. and III., the lengths of those lines so as to 
represent the thrust along the rib at the several points C, C, &c. 
The length of the horizontal line, o a, representing the thrust at 
the crown, is to be calculated as in Rule II. Through the points 
a, c, cff &c., thus found, draw a curve. Find the point, d, in that 
curve which is farthest from the scale of loads, o b; then the 
horizontal line dk szli^ will represent the maximum horizontal 
thrust 

Join o d, and find the point, D, in ^g. 80, at which the rib is 
parallel to o n^; this is the "point of rupture," or point at which 
the horizontal thrust attains a maximum; and the "angle of 
rupture" is the inclination of the rib at that point, or .^ do a, in 
^g, 81. 

The horizontal plane D F is the upper boundary of that part of 
the spandril which exerts the maximum horizontal pressure H^. 

Section III. — Stability op Masonby. 

1. PreMHve of Barth and Water agafnat Walla.— RuLE I. — The 

Centre of Pressure of a rectangular vertical plane pressed by a mass 

2 
of water or of earth is at ^ of the total depth down from the upper 

surface of the water or earth. 

Rule IL — ^The Direction of the Pressure against a vertical plane 
is, for water or a bank of earth in horizontal layerSj horizontal; 
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for a bank of eartli in uniformly sloping layers, it is sensibly 
parallel to the slope. 

RuLB III. — ^To find tbe amount of tbe pressure of water against 
eacb foot in breadth of a vertical plane; multiply the half-square 
of the total depth by the heaviness of water (62*4 lbs. to the cubic 
foot). 

For the heamness qf earth, see page 152. 

The following is a table of natural slopes of earth; but the 
natural slope of earth in engineering works ought, as far as 
practicable, to be ascertained by observation on the spot : — 



EABTH. 



A^„ 


Co-efficient 
of 


CuBtomary 
designation of 


BepoM. 


Friction. 


Natural Slope: 


9 


/ 


1 -7-/tO 1. 


K 


07S 
0-38 


1-33 to I 


21" 


2-63 to I 


< 


i*oo 


I to I 


K 


031 


323 to I 


'A 


025 

1*11 


4to I 
o*9 to I 


K 


070 


1-43 to I 


< 


I'D 


I to I 


iaT 


0-25 


4 to I 



Dry sand, clay, and mixed ( from 

earth, } to 

Damp day, 

Wet day, \^^ 

Shingle and gravel, | P 

^^. l^S 



The most frequent slopes of earthwork are those called 1^ to 1, 
and 2 to 1, corresponding respectively to the co-efficients of friction 
0-67 and 0-5, and to the angles of repose 33^° and 26^°, nearly. 

KuLE IV. — ^To find the amount of the pressure of a bank g[ 
earth laid in plane parallel layers, against each foot in breadth of a 
vertical plane; multiply the half-square of the total depth by the 
heaviness of the earth; then multiply the product by a ratio found 
as follows : — 

In fig. 82, fiom one point, O, draw two straight lines, O M X 

and O K, making with each other 
the angle M O R = ^, the angle of 
repose, or natural slope of the eartL 
About any convenient point, M, in 
one of those straight lines, describe 
a semicircle, Y R X, touching the 
other straight line in R. (This may 
be done by describing the dotted semicircle M R O, so as to find 
the point R.) Then 

Case L — If the bank is in horizontal layers, the required ratio is 
O Y / 1 - sin ( 




vrx 



O Y / 1 - sin(p \ 
O X \ 1 + sin ^/ 
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Case II. — If the bank is in layers sloping at the natural slope^ 
the required ratio is 

OR, 

Case III. — If the bank consists of layers sloping at any less 
angle; draw O Q P, making the angle MOP — the actual slope 
of the bank; from P draw P W perpendicular to O P; then the 
required ratio is 

OQ / cos ^ - J (cos^ tf ^^cos2_«>) 

O W \" ^^^ ^ * cos ^ + V (cos2 ^ - cos2 i^Y 

in which tf = .^ M O P). 

2. Ijomd mm OrdUtarr Wmum^tmUmnm.— . ^^ Fwt 

First Class: rock, moderately hard; strong as) 

the strongest red brick, J ^ 

„ rock of the strength of good concrete, 3.0 

„ rock; very soft, i-8 

Second Class: firm earth; hard clay; clean dry] 

gravel; clean sharp sand, pre- >from i to 1*5 
vented from spreading sideways, j 

Third Class: soft or loose earth; let ^ be the angle of repose; 
then; 

BuLE I. — To find the least weight of earth to be displaced by 
the foundation of a building when the load is uniformly distri- 
buted; multiply the total load (above and below ground) by 



(1 — sin 0\2 
1 + sin ^/ 



B.ULE II. — ^When the load produces an uniformly-varying 
pressure, to find how fer the centre of pressure may safely deviate 
from the centre of figure of the base of the foundation; find the 
centre of percussion of the base relatively to the edge where the 
pressure is to be least (see pages 156, 157), and multiply 'the dis- 
tance of that centre of percussion frt)m the centre of figure of 
base by 

2 sin ^ 
1 + sin^ ^' 

For a rock foundation the value of this multiplier is 1. 
Rule III. — In the case referred to in Rule II., to find the least 
weight of earth to be displaced by the foundation; multiply the 
total load by 

(1 - sin (pf 
1 + sin2 (p • 
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RULB IV. — In the case referred to in Rule I., and when the 
lo(»d above ground alone is given ; to fiod the least weight of earth 
to be displaced by the foundation ; let w be the heaviness of the 
earthy and u^^ the mean heaviness of the materials with which the 
excavation is to be filled (including voids^ if any); then divide the 
load above ground by 



(1 + sin ^\2 
i - sin ^) 



BULE V. — ^To find the depth of a foundation; divide the weight 
of earth to be displaced by the heaviness of that earth and the area 
of base. 

Lecut depth to escape injurious effects of frost = from 3 feet to 
6 feet according to climate. 

Table of Functions of Angles of Repose. 

9 15^ 2o° 25° 30° 35° 40° 45« 

1 + sin ^ - - ^ . 

p— g^ 1700 2145 2-464 3000 3690 4599 5826 

1 — sin ^ 

Pj^^g— 0-588 0-466 0-406 0-333 0-271 0-217 0-172 

/I + sin A* ^ ^ 

V I - sin (g j ^*^^ ^'^?^ ^'°?^ ^'^^ '3'6i9 21-152 33'94 

(1 — sin <p\^ 
1 ^ sin ^/ ^'346 0-224 0-165 o-iii 0-073 0-047 0-0295 

1 + sin^ <? , 

( 1 - sin ^ )2 ''^^^ ^'^36 3*535 5ooo 7-310 11-076 17-47 

Q — sin (0\^ 

\- . . ' 0-514 0421 0-283 0-200 0-137 0000 0-057 

1 + sin^ ^ *#i ^ »^# 

2 sin 

2 ^ g^p2 (P ^'486 0-579 0717 0-800 0863 0-910 0-943 

tan ^ 0-268 0-364 0-466 0-577 0-700 0839 i-ooo 
cotan^ 3732 2-747 2-145 1732 1-428 1-192 1000 

3. I<«ad •!■ Piled F*niidati*ii». — Ordinary workiug loads on the 
heads of piles: — On piles driven till they reach firm ground, 0*45 
ton on the square inch ; on piles standing in soft gi-ound, by friction, 
0-09 ; ordinary values of greatest load which piles will bear without 
sinking further, from 0*9 to 1-35 tons on the square inch area of 
head 
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The following are rules applicable to pile-driving : — 

Let P be the greatest load which a pile is to bear without sink- 
ing farther (in tons); 
W, the weight of the ram used for driving it (in tons); 
h, the height from which the ram falls (in feet); 
I, the length of the pile (in feet) ; 
X, the depth it is driven by the last blow (in fractions 

of a foot) ; 
S, its sectional area (in square inches); 
E^ its modulus of elasticity. 

(Approximate values of E in tons on the square inch — elm, 400 
to 600; alder, about 500; beech, about 600; sycamore, about 500; 
teak and saul, about 1,000; greenheart, 500 to 600.) 

BuLE YI. — Given, all the above quantities except x; then 

Wh Tl 

X = 



P 4ES- 

The pile must be driven until the additional depth gained by each 
blow, of the energy W h, becomes not greater than x, as given by 
the above rule. 

Rule VII. — Given, all the above quantities except W h, the 
energy required for the final blow; then 

P2Z 

Kule YIII. — Given, all the above quantities except P; then 

2'EBx 



// 4ESWA ^ 4 E^ S^ aA 



I 



4. The l«Mid Supported! I17 a iicrew Pil« in practice ranges from 
3 times to 7 times liie weight of the earth which lies directly above 
the screw-blade. 

5, JB«risMitai Besisiaiice •f Barth.— Let K denote the resistance 
opposed by a stmtnm of earth to the pushing or dragging of a 
rectangular plane surface through it horizontally ; w, the heaviness 
of the earth ; c, its angle of repose; 6, the breadth of the surface; 
or, the depth to which its lower edge is buried; x^, the depth to 
which its upper edge is buried; Xq, the depth of the resultant of 
the resistance below the upper suriace of the earth. 

BuLE IX — To find the resistance; 

TJ - 4 M? sin ^ a^ - g^ 
"" cos2 ^ 2 
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Bulb X. — To find the position of the resultant; 
_ 2 (rc^ - gyS) 

6. PrcMme •€ Wtad.— KuLE XI. — ^To estimate the greatest prob- 
able amount of the pressure of wind against a chimney or tower; 
if the edifice is square, take the area of its vertical cross-section; or 
if round, take half that area; and multiply by the greatest known 
pressure of the wind in the neighbourhood against an unit of area 
of a vertical plane surface, as measured by the anemometer. (In 
Britain that pressure is about 55 lbs. on the square foot) 

BuLE XII. — To find the position of the resultant of that pressure; 
find the centre of magnitude of the vertical cross-section. (See page 
83.) If the edifice is pyramidal or conical, divide the difference of 
the outside diameter at the base and top by 3 times their sum; 
subtract the quotient from 1 ; multiply the remainder by half the 
height of the edifice; the product will be the height of the resultant 
pressure above the base. 

BuLE XIII. — To find the moment of the pressure of the wind; 
multiply its amount by the height of its resultant above the base. 

The calculations described in the above rules should be made not 
only for the whole chimney or tower from the base upwards, but 
for the part above each bed-joint where the thickness of the masoniy 
or brickwork diminishes. 

7. siabiutf •f Abntmemts (Including buttresses, abutments and 
piers of arches, retaining and reservoir walls.) 

BuLE XIV. — To find the greatest deviation of the centre of 
pressure from the ceutre of figure at any bed-joint, consistently 
with stahUity of position (that is, safety against overturning). This 
may be called the limiting position of the centre of pressure. 

Case I. Abutments and Piers of Arcfies. — Take as an axis the 
edge of the bed-joint in question from which the centre of pressure 
is to deviate farthest; the required position of the centre of pressure 
will be the centre of percussion of the bed-joint corresponding to 
that axis. (See pages 156, 157.) The rules and table in those pages 
give the distance of the centre of pressure from the fi^rthest edge 
of the bed-joint, from which subtracting the distance from that edge 
to the centre of figure of the bed-joint (usually half the whole 
thickness of the abutment), there remains the deviation required. 

Case II. Retmning WaUs, — Greatest deviation of the centre of 
pressure from the centre of figure, as fixed by practical experience 
= from 0*3 to 0-375 of the whole thickness of the wall at the given 
bed-joint. 

BuLE XV. — Given, the load on a bed-joint and the position of 
the centre of pressure; to find approximately the intensity of the 
pressure at the edge to which the centre of pressure is nearest; in 
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Case I. of Rule I. divide ttoice the load by the area of the bed ; in 
Case IL multiply the breadth of the bed by once-and-a-half the' 
distance of the centre of pressure from the nearest edge of the bed, 
and with the product as a divisor^ divide the load; the quotient 
■will be the required intensity. 

The intensity of pressure thus found ought not to exceed one- 
eighth of the pressure which crushes the material of the building. 

BuLE XVI. — To calculate the jnoment of stability of an cfbwtment 
at a given bed-joint; multiply the weight of the mass of material 
above the bed-joint by the horizontal distance of a vertical line, 
through the centre of gravity of that mass, from the limiting 
position of the centre of pressure of the bed-joint. 

Rule XYII. — To find the proper thickness for an abutment 
with a rectangular horizontal base from the following data : — 

H, the horizontal component, and Y, the vertical component, of 

the thrust to be resisted ; 
nd, the vertical height of the line of action of that thrust above 

the backward edge of the base of the abutment. 
6, the breadth of the abutment; 
A, its height; 

w, the heaviness of its material; 

Uy the proportion which its bulk bears to that of the circum- 
scribed rectangle; so that if £ be its thickness at the base, 

nwhhti&iiA weight; 
qy the ratio which the deviation of the centre of pressure from 

the centre of figure of the base is to bear to the thickness 

at the base. (See Rule XIV.) 
r, the ratio which the horizontal deviation of the centre of 

gravity of the abutment from the centre of figure of its base 

is to bear to the thickness at the base; 

n{q =±= r)whh ' 2n{q =i= r)whh ' 

using q -¥ riS q and r represent deviations in contrary directions, 
and ^ — r if they represent deviations in the same dii'ection; then 
the required thickness is 

«= ^(A + B2)-B. 

If the thrust to be resisted is wholly horizontal, t = ^ A simply. 
In a vertical solid rectangular abutment n = I and r = 0. 

Rule XVIII. — To find the direction of the resultant pressure 
at any bed-joint ; let W = nwbht represent the weight of material 

in the abutment above that joint; then = = is the tcmgeni of 

the angle made by that resultant with the vertical In order that 
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the abutment maj possess stability of friction (that is, be safe 
against giving way by the sliding of one course of masonry upon 
another), the normal to each bed-joint ought not to make a gi-eater 
angle with the direction of the rt^ultant pressure at that joint than 
the angle of repose of fi*esh masonry ; that is, from about 25° to 36\ 
Should horizontal bed-joints prove too oblique to the pressure, 
sloping bed-joints may be substituted for them. 

Remark. — In an abutment which has to resist a thrust concen- 
trated near one point, the risk of overturning is greatest at the 
base; but the risk of giving way by sliding is greatest at the bed- 
joint next below the place of application of the thrust; and it is to 
the latter joint, therefore, that Rule XVI IL is to be applied. 

Rule XIX. — To find the proper thickness for a vertical rect- 
angular retaining wall, of a height equal to that of the bank which 
presses it 

In each case let u/ be the heaviness of the earth, its angle of 

p' 
repose, and let - be the ratio of the pressure exerted edgewise by 

the layers of earth to their vertical pressure, as found in Rule IV. 
of this section. Also, let h be the height of the wall, to, its heavi- 
ness, and q, ratio of the intended deviation of the centre of pressure 
from the centre of the base to the required thickness L 

Case I. — Bank in horizontal layers: — = = -. — ; 

•^ p 1 + sin ^ 

1 = , /(y-j>L\ 

h \/\6qwpJ 

{For a reservoir-uxdl, make u/ = 62*4 lbs. per cubic foot; and 

P J 
Case II. — Bank in layers of indefinite extent, at the natural 

slope ^; - = 1. 

,, - w' cos^ f<7 + 4) to cos ^ sin . ., 

Make — ^ = a: ^^ ^^-r = 5; then 

o qw ^ q w 

Case III. — Bank in layers of indefinite extent, sloping at any 
angle ^ less than ^. Find ^ by Rule IV. Then make 
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5 • ^ • cos^ ^ = a : -. I 7 + i I - COS ^ sin ^ = 6 : and 

6q w p ' ^ q w \^ ^J p 

f^ = >/ a + 6^ - 5» 

Case IV. — Surcharged TTa^^.— Bank rises from wall at natural 
slope up to height c above top of wall, or c + A abpve base; and at 
that height has a horizontal u[)per sui-face. Let the thickDess, calcu- 
lated as in Case I., be ^; the thickness, calculated as in Case II., 
^ ; and the required thickness, f. Then 

- _ ht -¥ 2ct' 
" A + 2 c * 

The strength of * retaining wall at its base should be tested by 
Rule XV. of this section, and the stability of friction by Rule 
XVIII. ; and if th^ latter is found to be insufficient with horizontal 
beds, the* beds may be sloped back ; and then the back of the wall 
should be foi-med into steps, with the rise perpendicular to the 
beds. 

Rule XX. — Having designed a vertical rectangular retaining 
wall, to modify its ^figure without diminishing its stability of 
position. 

The face of the wall may be either battered, stepped, or panelled, 
so long as the centre of gravity of the part taken away does not 
fall behind a vertical line through the limiting position of the 
centre of pressure of the base. When the face has a straight or 
curved batter, the beds of the masonry or brickwork may be laid 
perpendicular to the battered face. 

The masonry at the back of the wall may be diminished by steps, 
provided its place is tilled with material of equal weight. 

RuLB XXI. — For retaining walls of uniform thickness which 
lean or overJiang backwards, let r be the ratio which the backward 
deviation of the centre of gravity from that of an upright wall is 
to bear to the thickness ; then put q -\- r instead of q in the deno- 
mintitors of the expressions in Rule XIX., and they will become 
applicable, without material error, to the present case. The beds 
ought to be built perpendicular to the face. 

Rule XXII.— Given, the dimensions of a wall with counter- 
forts ; to find the thickness of a plain wall of equal stability. Let 
i be the thickness and 6 the breadth between a pair of counter- 
forts; c, the breadth of a counterfort, and T, the thickness of wall 
and counteifort together. Then the thickness of the plain wall of 
equal stability is nearly = 

/ /6 <2 + c T2\ 
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8. utMe mmd Brick ArchM. — ^EuLE XXIII. —To find the lead 
proper thickness/or the arck^ring of a proposed arch ; find the longest 
radius of curvature of the arch; then take a mean proportional 
between (that is, the square root of the product of) that radius and 
a constant whose values* are as follows : — 

Foot 

For an arch above ground, standing solitary between 
its abutments, o'i2 

For an arch forming one of a series of arches, with 
piers between them, 0*17 

For an underground archway in hard material (such 
as rock or conglomerate), o'i2 

For an underground archway in gravel or firm 
earth, 0*27 

For an underground archway in wet clay or quick- 
sand, 0-48 

BuLE XXIII A. — To find the level up to which the backing of 
the arch should be built before the centre is struck ; take a mean 
proportional between the radius of curvature of the irUrados (or 
inner profile) of the arch at its crown, and the thickness of the 
arch-ring; then lay off the length so calculated vertically down- 
wards from the crown of the otUer surface of the arch-ring. 

Rule XXIV. — For a rough approximation to the horizontal 
thrust of an arch, take the weight of the vertical load that is 
supported between the crown of the arch and that point in the 
arch-ring where its inclination to the horizon is 45°. 

KuLE XXV. — To find a nearer approximation to the horizontal 
thrust of an arch, and also to determine whether a proposed arch 
will have sufficient stability. 

Assume that the load is supported by a linear rib coinciding with 
the centre line of the arch-ring, and treat that rib by the method 
of Article 10 of the preceding section, page 178, so as to find its 
maximum horizontal thrust; this will be nearly equal to the 
horizontal thrust of the proposed arch. As to stability, the follow- 
ing cases may be distinguished : — 

Case I. — If the supposed rib is either equilibrated under the 
vertical load alone, or requires horizontal pressure from without 
alone to give it equilibrium, the proposed arch will be stable 
throughout. 

Case IL — If the supposed rib requires horizontal pressure from 
without up to a certain poini of rupture only, and above that point 
requires horizontal tension to give it equilibrium, the actual arch 
is stable up to the point of rupture, but above that point it may 
be stable or unstable; and its stability must be further tested as 
follows : — 
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Fig. 88. 



In fig. 83 let B C A represent one-half of a symmetrical arch ; 
K L D E, an abutment, and C, ikejoirU ofrupnwe^ drawn perpendi- 
cular to the assumed rib at the 
point of rupture. At A, the crown 
of the arch, suppose a yertical 
joint. 

Find the centre of gtavily of the 
load between the joint of rupture, 
C, and the crown, A; and draw 
through that centre of gravity a 
vertical line. 

Then, if it be possible, from one 
point, such as M, in that vertical 
line, to draw a pair of lines, one 
parallel to a tangent to the assumed rib at the point of rupture, 
and the other horizontal, so that the former of those lines shall cut 
the joint of rupture, and the latter the supposed vertical joint at 
the crown, in a pair of points which are both within the middle 
third of the thickness of the arch-ring, the stability of the arch will 
be secure. 

Should it be impossible to make the pair of points fall within the 
middle third of the arch-ring, its thickness must be increased. 

KxTLE XXVL — To adapt Trcmsformsd Gatena/riom curves to the 
figure of an arch of masonry. (See Article 7 of the preceding 
section, page 174.) For the irUradoa (or inner profile) of the arch, 
and the extradoa (or outer profile) of the arch with its solid back- 
ing, take two transformed catenarian curves with the same 
directrix and parameter. For the extrados of the whole load 
(being usually the profile of the platform or roadway), take either 
tiie horizontal directrix itself, or a third and flatter transformed 
catenary with the same directrix and parameter. To find ap- 
proximately the JumzorUal thrust; multiply the square of the 
parameter by the mean load per square foot area of spandiil (allow- 
ing for the voids, if any, between the spandril walls); and then 
multiply the product by the ratio in which the depth from the 
platform to the crown of the intrados is greater than the depth 
from the directrix to the middle of the depth of the keystone. 

BuLE XXVIL — ^To adapt the figure of the hydrostatic rift to an 
arch of masonry. (See Article 9 of the preceding section, page 
177). For the intrados take the figure of the hydrostatic rib, and 
make the arch-stones of an uniform thickness, determined from the 
radius of curvature at the crown by Kule XXIII. of this Article. 
The thrust will be nearly the same as in a supposed linear rib 
coinciding with the intrados, and under the same load. 

Rule XXVIII. — To find the resultant horizontal thrust against 
a pier that stands between two equal arches, when one is loaded 
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with a travelliDg load in addition to its own weight, and the other 
with its own weight only; multiply the travelling load per unit of 
span by the radius of curvature of the centre line of the arch-ring 
at its crown. 

BuLE XXIX. — To represent approximately the amount and 
distribution of the load upon any part of the cmJtrre (or temporaiy 
framing) which supports an arch in progress of construction. 

Case I. Circvla/r Arch, — In ^g. 84 let O A be the radius of 
the intrados, and A £ a circular quadrant of which the intrados 
forms the whole or pai't Conceive that the half of the radius A O 
represents the weight of the arch-ring per foot of intrados. 

Let C be the point up to which the arch-ring has been built; 
and let it be required to find the amount and distribution of the 
load on the part C D of the centre. 

From C draw C E 11 A O; bisect C E in F, from which draw 

F H II O B; dmw D G || A O; 
then will D G represent the normal 
pressure on each lineal foot of the 
outer surface of the centre at the 
point D; and the shaded area, 
C D G F, will represent the verti- 
Fiff "84 " " F* 86 " ^ component of the load on the 
centre between C and D, both in 
amount and in distribution. 

The point H is that below which the arch-stones cease to press 
on the rib, when the arch has been built up to the point C. 

The case in which the rib is completely loaded, the arch being 
finished all but the keystone, is repi-esented by ^g, 85. Bisect 
the vertical radius A O in K, and conceive A K to represent 
the weight per foot of intrados ; draw K L || O B ; L will be a 
point below which the stones do not press on the rib (supposing 
the arch to extend so far). Let D be any point in the 
intrados; draw D M || A O; then D M represents the normal 
pressure on the centre per foot of intrados at D, and the shaded 
area M D A K represents the vertical component of the load on 
the centre between A and D. 

Case XL Non-circulcMr Arch, — Find the two points at which the 
intrados fs inclined 60° to the horizon; conceive a circular arc 
drawn through them and through the crown of the intrados, and 
proceed as in Case L 
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PART VL 

TABLES AND RULES RELATING TO THE STRENGTH 
OF MATERIALS. 

Section L — Tables. 

Tabijb I A. — ^Tenacity op Wrouoht Iroh and Steel. 

Tu»^»H»» «# i^.fa.*i.i Tenacity In Iba per Sgoare Inch. Ultimate 

Description of Materiai Lengiwiae. OroflBwlae. Bxtenaioa 

Malleable Iron. 

^^Ll?....^:!^:} "4.O0O Mo. 

Wire— average, 86,000 T. 

Wire — weak, 71,000 Mo. 

Yorkshire(Lowiuoor),... 64,200 F. 52,490 F. 

„ from 66,390) yr ro'20 

to 60,075/ (0-26 

Yorkshire (Lowmoor) \ 

and Staffordshire > 59,740 F. 0*2 to 0*25 

rivetiron, ) 

Charcoal bar, 63,620 F. 02 

Staffordshire bar,... from 62,231) ^j f '302 

to 56,715/ 1-186 

Yorkshire bridgeiron,... 49,930 F. 43,940 F. "04; '029 

Staffordshire bridge iron, 47,600 F. 44,385 "04; '036 

Lanarkshire bar,... from 64,795) -^q- f '^5^ 

to 51,3271 * r^as 

Lancashire bar, from 60,110) -^ ('^^9 

to 53,7751 • (•216 

Swedish bar, fi-om 48,933 \ jr j "264 

to 41,2511 1-278 

Russian bar, from 59,096) ^ / -^53 

to 49,564/ * (-133 

Bushelled iron from ) g g ^ .^^^ 

turnings, f ^^* ' 

Ham mered scrap, 53,420 N, '248 

Angle-iron from ) from 61,260) -^ 

various districts, / to 50,056 / 
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Table — corUinuecL 

Tenacity in Iba per 
Len^wiae. 



[uuelnclL 



41,242 
72,643 
68,319 



Description of Material 

Straps from van- ) from 55,937 ) 
ous districts, ... j to 41,386 j 

Bessemer's iron, cast ' 
ingot, , 

Bessemer's iron, ham- 
mered or rolled, .... 

Bessemer's iron, boiler 
plate, 

Yorkshire plates,... from 58,487 
to 52,000 

Staffordshire plates, from 56,996 
to 46,404 

Staffordshire plates, ) 
best-best, charcoal, J ^^** 

Staffordshire ) from 59,820 
plates, best-best, j to 49,945 

Staffordshire plates, best, 61,280 

Staffordshire plates, 1 - q 
common, J ^^' 

Lancashire plates, 48,865 

Lanarkshire plates, from 53,849 ) ^ 48,848 ) -^ 

to 43,433 J '39,544/ 
Durham plates, 51,245 I^T. 46,712 



N. 
W. 
W. 

w. 

IT SS,o33 
^- 46,221 

^- 44,764 
;,oio F. 41,420 

F. 64,820 
F. 46,470 
F. 53,820 

F. 52,825 
F. 45,015 



Ultimats 
Extension. 

•108 

•048 



•109; -059 

•I7OJII3 
•04; -034 
•13; '059 




I -093; 046 
•089; -064 



Effects of Reheating and Rotting. 

Puddled bar, 43,904 

The same iron five^ 
times piled, reheated > 61,824 
and rolled, ) 

The same iron eleven \ 
times piled, reheated > 43,904 
and rolled, j 



0. 



Strength of Large Forgings, , 

Bars cut out of ) from 47,582 1 -^ 44,578 

large forgings, / to 43,759 J * 36,824 

^forgSg;:!!!!':?!'} 33,600 m. 



•231; •168 
•205; -064 
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Table — coTitinuecL 

ivm».*i»h/«,. «♦ iir.*<.«i.i Tenacity In lbs. per Square Inch. Ultimate 

Description of Material LengthwiBe. Crosswise. Extension. 

Steel and Steely Iron. 

Cast steel bars^rol- ) from 132,909 ) ^ J *o52 

led and forged, J to 93,015 J * t *I53 

Cast steel bars, rolled \ t> 

and foiled,.. / '3o,ooo R. 

Blistered steel bars, ) o xt 

roUedandfoi^d...;} ^"^.^pS N. -097 

Shear steel bars, rolled I , © /:o xr 

and forged,... } "8,468 N. -135 

Bessemer^s steel bars, | , xt 

roUedandfoi^d,... [ '"''^^° ^- '°5S 

Bessemer's steel bars, ) c -nr 

cast ingots, .} ^3.024 W. 

Bessemer's steel bars, ) i^ 

hammered or rolled,/ ^52,912 vv. 

Spring steel bars, ham- | . ^ ^^ vr o 

m^orroli;!,....} ^"''^'9 N. -iSo 

Homogeneous metal ) r ^ xt 

barsfroUed, } ^0,647 N. -137 

Homogeneous metal ) xii 

bar^ rolled, } 93.ooo F. 

Homogeneous metal I « *. xr 

bars, forged, } ^^'^'^ ^- '"9 

Puddled steel) ^ *,, o x / 

bars,rolledandlfr^f^ ^'f.i\ N. {''91 

forged, j *^ 62,768/ V091 

Puddled steel lirs, ) t;, 

roUedandforged,.../ 9^'°°° ^• 

Puddled steel bars, ) . ^ t., 

roUedandforged,... / ^^4,752 M. 

Mushet's gun-metal, 103,400 F. 0*034 

Cast steel plates,.... from 96,289) -^r- 97,308 > ^ j <^57','og6 

to 75.594 J '69,082/ ^' ) -198; -196 

Cast steel plates,... hard, 102,900 \ -^ j '031 

soft, 85,400 j • \ -031 

^S,Ti^rquTnJ^} 96,280 I 97-,i5o| j -086; -144 

Homogeneous metal | ^ o [ ' o i \ 

platesTsecondquaHty, / '^'^^^ ' 73,58o j ( 059; -032 

Puddled steel I froni 102,593 ) ^ ^5^365 \ xr / -028; -013 

plates, / to 7^532/ '67,686/ ^^* ) -082; -057 

Puddled steel plates, .... 93,600 F. 0*125 
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Table — corUinued, 



n».«^^«i/». «# va*<.^.i Tenacity in lbs. per Square Inch. Ultimate 

Description of Material Lengthwise. Crosswise. Extension. 

Coleford Gun-metal. 

Weakest, 108,9701 ' '190 

Strongest, 160,540 > F. '030 

Mean often sorts, I37j340 j "072 

In the preceding table the following abbreviations are nsed for 
the names of authorities : — 

C, Clay; F., Fairbairn; H., Hodgkinson; M., Mallet; Mo., 
Morin; N.,* Napier «fe Sons; R., Bennie; T., Telford; W., 
Wilmot. 

The column headed "Ultimate Extension" gives the ratio of the 
elongation of the piece, at the instant of breaking, to its original 
length. It furnishes an index (but a somewhat vague one) to the 
ductility of the metal, and its consequent safety as a material for 
resisting shocks. 

When two numbers separated by a semicolon appear in the 
column of ultimate extension (thus '082; '057), the first denotes 
the ultimate extension lengthwise, and the second crosswisa 



Table Ib. — Resilience of Iron and Steel. 

MetelunderTensioa S^«J^ tS^^SI '''^?'™ '^'^?''" 

Tenacity. Tenacity. Elasticity. EesiUenoa 

Cast iron — Weak, 13,400 4,467 14,000,000 i"425 

„ Average, 16,500 5,500 17,000,000 178 

„ Strong, 29,000 9,667 22,900,000 4'o8 

Bar iron — Good average, .. 60,000 20,000 29,000,000 13*79 

Plate iron — Good average, 50,000 16,667 24,000,000? 11*57? 

Iron wire — Good average, 90,000 30,000 25,300,000 35*57 

Steel — Soft, 90,000 30,000 29,000,000 3103 

„ Hard, 132,000 44,000 42,000,000 46*10 

In the above Table of Resilience the working tenacity is for a 
"dead" or steady load. The modulus of resilience is calculated 
by dividing the square of that working tenacity by the modulus of 
elasticity. 

* The experiments whose extreme results are marked N. were condncted 
for Messrs. R. Napier & Sons by Mr. Kirkaldy. For details, see Transac- 
tions of the JnatitiUion 0/ Engineers in Scotland, 1858-69; also Kirkaldy On 
the Strength of Iron and Steel, 
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Table op the Resistance op Materials to Stretching and 
TEARiNa BY A DiRECT PuLL, in povmds wooirdv/poia per square 
inc/u 

lenacity, Elaaticitv 

Materials. or Resistance to or ResistanS to 

Teanng. Stretching. 

Stones^ Natural and Artificial : 

Sit, } ^^° ^ 300 

Glass, 9,400 8,000,000 

Slate, (, 9,600 13,000,000 

' (to 12,800 to 10,000,000 

Mortar, ordinary, 50 

Metals: 

Brass, cast, 18,000 9,170,000 

„ wire, 49,000 14,230,000 

Bronze or Gun Metal (Copper 8, ) ^ 

Tin i), ..,..,......( 36,000 9,900,000 

Copper, cast, 19,000 

„ sheet, 30,000 

„ bolts, 36,000 

„ wire, 60,000 17,000,000 

Iron, cast, various qualities, < . l^'l^^ +^ ^1'^^^'^^^ 

' ' ^ ' (to 29,000 to 22,900,000 

„ average, 16,500 17,000,000 

Iron, wrought, plates, 51,000 

„ joints, double rivetted, 35>7oo 

„ „ single rivetted, 28,600 

„ bai-s and bolts, {to7o,'ooo} 29,000,000 

„ ^oop, best-best, 64,000 

f 70,000 ) 

" '^' {toioolooo} 25,300,000 

„ wire-ropes, 90,000 15,000,000 

Lead, sheet, 3,3oo 720,000 

steel bars, | ,J°°'°°° , ^^.ooo.ooo 

' ( to 130,000 to 42,000,000 

Steel plates, average, 80,000 

Tin, cast, 4,600 

Zinc, 7,000 to 8,000 
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Materials. 



Tenacity, Elasricity, 

orResistHnoeto or Resistant to 

Teanng. Saretching. 



to 



TlMIXEB AND OTHER ORGAinC FiBKE: 

Acacia, false. See " Locust" 

Ash {FraxiniL8 eoccelaior), 17 ,000 

Bamboo {BmnJbusa arundinacea), 6,300 

Beech {Fagvs sylvatica), 11,500 

Birch {Betvla cUba\ 15,000 

Box {Buocus sempervirens), 20,000 

CedBixofheha,non{Cedrit8Lib(mi), 11,400 

Chestnut (CaOanea Vesca), { ^^ J^|^ } 

Elm (Ulmus campestris), < . 

Fir : Bed Pine {Pinus aylviRstris), | ^ ^ ^'^°^ ^ 

„ Spruce {Alms excdm), ^^^^^^ { ^ 

„ 'LBX(Ai {La/rix Ev/rop€ea\ 1 to 

Hawthorn {CratcegusOxycLcanbha), i o, 500 

Hazel {Corylus A vellana), 1 8,000 

Hempen Cables, 5,6oo 

Holly (Ilex A quifolium), 1 6,000 

Hornbeam (Carpirms BetiUiLs), . . . 20,000 

Laburnum {Cytisus Laburnum), 10,500 

Lancewood {GuaUeria virgcUa), 23,400 

Lignum- Vitse (Gvmacum offici- ) « 

Lk), .....} "'800 

Locust (Rchinia Pseudo-Acacia), 16,000 

Mahogaiij (Surietenm Maha^oni), < . 21 800 1 

Maple {A cer ca/mpestris), i o, 600 

Oak, European {Quercus sessilir ( 10,000 

Jlora&ndQTiercus pedunculata), (to 19,800 
,, American Bed (Qv/ercus ) 

rubra) .1 } ^^'^'So 

Saul {SliK/rea rohusta), 10,000 

Sycamore(il cerPseudo-Platanua^, 1 3,000 

Teak, Indian {TecUma grandiy, 15,000 

„ African, (?) 21,000 

"Whalebone, 7, 700 

Yew {Taxua baccara), 8^000 



1,600,000 

i,350jOoo 
1,645,000 

486,000 
1,140,000 

700,000 
1,340,000 
1,460,000 
1,900,000 
1,400,000 
1,800,000 

900,000 
1,360,000 



to 



1,255,000 

1,200,000 
1,750,000 

2,150,000 

2,420,000 
1,040,000 
2,400,000 
2,300,000 
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II. 

Table of the Resistance op Materials to Shearing and 
Distortion, in povmds avoirdupois per square inch. 

' . ^ Transverse 

Resistance Elarticitv, 

Materials. to ^^ Resistance to 

Metals: Sheanng. Distortion. 

Brass, wire-drawn, 5>330,ooo 

Copper, 6,200,000 

Iron, cast, 27,700 2,850,000 

, . _ f 8,500,000 

„ wrought, 5o,coo^^^'^^^'^^^ 

Timber : , ^ 

Fir: Red Pine, 5ooto 800 ^ ^?'°^^ 

' ^ (to 116,000 

„ Spruce, 600 

. „ Larch, 9701^)1,700 

Oak, 2,300 82,000 

A.8h and Elm, 1,400 J6y0oo 



* III. 

Table op the Resistance op IVIaterials to Crushing by a 
Direct Thrust, in pounds avoirdupois per sqiuire inch. 

Resistance 

MATEBIAL8. to 

Croahing. 

Stones, Natural and Artipicial: 

Brick, weak red, 550 to 800 

„ strong red, 1,100 

„ fire, I9700 

Chalk, 330 

Granite, 5,5oo to 11,000 

Limestone, marble, 5,5oo 

„ granular, 4,000 to 4,500 

Sandstone, strong, 5,500 

„ ordinary, 3,300 to 4,400 

„ weak, 2,200 

Rubble masonry, about four-tenths of cut stona 

Metals: 

Brass, cast, 10,300 

Iron, cast, various qualities, 82,000 to 145,000 

„ „ average, 112,000 

„ wrought, about 36,000 to 40,000 
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Resistaned 

Matebiau. to 

Crashing. 
TiMBEB,* D17, crushed along the grain : 

Ash, 9,000 

Beech, 9,360 

Birch, 6,400 

Blue-Gum {Eucalyptus Globulus), 8,800 

Box, 10,30c 

Bullet-tree {Achras Sideroxylon), 1 4,000 

Cabacalli, 9,900 

Cedar of Lebanon, 5,86o 

Ebony, West Indian {Brya Ebenus), 1 9,000 

Elm, 10,300 

Fir: Bed Pine, 5,375 to 6,200 

„ AmericanYellowPine(Pmt«vana5tZw), 5,4oo 

„ Larch, 5,570 

Hornbeam, 7,3oo 

Lignum- Yitfle, 9,900 

MfiJiogany, 8,200 

Mora {Mora excdsa), 9,900 

Oak, British, 10,000 

„ Dantzic, 7,7oo 

„ American Bed, 6,000 

Teak, Indian, 12,000 

Water-Gum {Tristania neri/olia), 1 1,000 



IV. 

Table op the Resistance op Materials to Breaking Across, 
inpovmda avoirdupois per square inch, 

Besistanoe to Breaking, 
Materials. or 

Modulus of Ruptiire.t 
Stones: 

Sandstone, 1,100 to 2,360 

Slate, 5,000 

* The resistances stated are for dry timber. Green timber is much weaker, having 
sometimes only half the strength of dry timber against crashing. 

f The modulas of ruptm'e is eighteen times the load which is reauired to break a bar 
of one inch square, supported at two points one foot apart, and loaded in the middle 
between the pomts of support. 
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Resistance to breaking, 

1IATERIAU9. or 

Modalos of Rupture. 

Metals: 

Irony cast, open-work beams, average, 17,000 

„ „ solid rectangular bars, var. qualities, 33,000 to 43>5oo 

» » ,, „ average, 40,000 

„ wrought, plate beams, 42,000 

Tiiubeb: 

Asb, 12,000 to 14,000 

Beech, , 9,000 to 12,000 

Birch, 11,700 

Blue-Gum, 16,000 to 20,000 

Bullet-tree, 15,900 to 22,000 

Cabacalli, 15,000 to 16,000 

Cedar of Lebanon, 7j4oo 

Chestnut, 10,660 

Cowrie (Damma/ra austroLia^ 1 1,000 

Ebony, "West Indian, 27,000 

Elm, 6,000 to 9,700 

Fir : Red Pine, 7,100 to 9,540 

„ Spruce, 9,900 to 12,300 

„ Larch, 5,000 to 10,000 

Greenheart {Nectomdra Eodicm), 16,500 to 27,500 

Lancewood, i7j35o 

Lignum- Vitse, 12,000 

Locust, 11,200 

Mahogany, Honduras, 11,500 

„ Spanish, 7,600 

Mora, 22,000 

Oak, British and Russian, 10,000 to 13,600 

„ Dantzic, 8,700 

„ American Red, 10,600 

Poon, 13^300 

Saul, 16,300 to 20,700 

Sycamore, 9,600 

Teak, Indian, 12,000 to 19,000 

„ African, 14,980 

Tonka {Dipteryx odoraia)^ 22,000 

"Water-Gum, 17,460 

Willow (ScUiXf various species), 6,600 
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V. — Supplementary Tables for Wrought Iron and Steex^ 
Mean results of experiments by W. H. Barlow, Esq., F.R.S. : — 



Tenacitv. 
Lbs. on the 
Square Inch. 

Paddled steel, specimen T.,... 95,233 
„ specimen II.,... 116,336 

" " > 101 'iK'^ 

cast in iDgots, j **^'* 

Puddled steel, specimen III., — 

„ s[>ecimen IV., — 

„ specimen V.,.. — 

Homogeneous metal, 100,994 

Steely iron, 69,456 



Proof Strength, 
Transversely 

Loaded. 
Lbs. on the 
Square Inch. 



60,000 

63,750 
52,500 

57,500 
52,500 



Modulus of 

Elasticity 

under Trans- 

yerae Load. 

Lbs. on -the 
Square Inch. 



62,500 22,964,000 



20,544,000 
24,802,000 
22,846,400 
23^833,600 
22,846,400 



"Weight of a cubic foot of puddled steel, 485*5 lbs. ; of steely 
iron, 483-6 lbs. (See the Engineer of 3d Jauuary, 1862.) 

sireiicth •€ c«ld-r«iied Iron. — The following results were obtained 
in some experiments by Mr. Fairbairn on the tenacity of iron. 
(See Mandieater Transciclions, 10th December, 1861.) 



Tenacity. Ultimate 

Lbs. per Square Inch. Extension. 

Black bar, 58,627 '200 

Same bar iron, turned, 60,7 47 '2 20 

Same bar iron , cold-rolled, 88, 2 2 9 -079 

Cold-rolled plate, 114,912 

Mean results of experiments by M. Tresca on bars cut out of 
cast steel boiler plates. 

Tenacity. Limit of Elasticity. Moduhu of 
Lbs. on the Lbs on the Elasticity —Lbs. on 

Square Inch. Square Inch. the Square Inch. 

Hard steel, untempered,... 74,300 36,000 29,500,000 

„ tempered, 103,000? 71,900? 27,300,000 

Soft steel, untempered,... 81,700 34,100 24,500,000 

„ tempered, 121,700 105,800 28,300,000 

The column headed " limit of elasticity" gives the tension up to 
which the elongation was sensibly proportional to the load. The 
results marked (?) are doubtful, because of discre|)ancies amongst 
the experiments of which they are the means. 
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VI. — Supplementary Table for Cast Iron. 



EindB of Iron. 



No. 1. Cold blast, 
No. 1. Hot blast, 



(from 
jto 
Uroni 
ito 

No. 2. Cold blast, |[^J^"^ 

No. 2. Hot blast, ^^^^ 

No. 3. Cold blast, |[^J^"^ 

No. 3. Hot blast, |[^°"' 

No. 4. Smelted by coke) 
without sulphur, > 

Toughened cast iron, <J^ 

No. 3. Hot blast after first) 
melting, f 

No. 3. Hot blast after) 
twelfth melting, f 

No. 3. Hot blast after[ 
eighteenth melting, ...) 

Malleable cast iron, 



Dire t 
Teuauity. 



12,694 
17,466 

I3»434 
16,125 

13048 
18,855 
13,505 
17,807 

14,200 

15,508 
15,278 
23,468 



23,461 
25764 



48,000? 



BenlRtance 
to- Direct 
Craahing. 



56,455 
80,561 

72,193 

88,741 

68,532 

102,408 

82,734 
102,030 

76,900 
115,400 
101,831 
104,881 



129,876 

98,560 

163,744 
197,120 



ModaloB of 
Buptare 
of Square 



Moduloa 

of 
Elasticitj. 



36,693 

39771 
29.889 

35i3i6 

33453 
39^609 
28,917 

38,394 
35,881 
47,061 
35,640 
43497 

41,715 



39,690 
56,060 
25,350 



14,000,000 
15,380,000 
11,539.000 
15,510,000 
12.586,000 
17,036,000 
12,259,000 
16,301,000 
14,281,000 
22,908,000 
15,852,000 
22,733,000 



It is to be understood that the numbers in one line of the pre- 
ceiling table do not necessanly belong to the sarne specimen of iron, 
each number being an extreme result for the kind of iron specified 
in the first column. 



VII. — Resistance of Timber to Twistiko. 

ModalQR of Buptare Modalas of Trana- 

by Wrenchmg. yerae Elasticity. 

Lbs. on the Square Lbs. on the Square 

Inch. Inch. 

Red Pine of Prussia, i,540 116,300 

„ of Norway, 950 61.800 

Elm, ',390 76,000 

Oak (of Normandy), 2,350 82,400 

Ash 1,460 76,000 
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VIIL 

SUPPLEHENTABT TaBLE OP PbOPERTIES OP TiMBER GROWN IN CeYLOW ; 
SELECTED Ain> COMPUTED FROM A TaBLE OF THE PROPERTIES OF 
KINEIT-SIX KINDS OF TiMBER BT MODLIAR ADRIAN MeNDIS. 

Modulus of Modulus of "tVoirrlif ftf • 

T.MB«. ^:!!*^V'' y^^.^" cu^v^t 

lbs. on the lbs. on the . ,. 
Square Inch. Square Inch. 

Alndel {Artocarpue pribescens),,.. I, S ^0,000 12,800 51 

BuTute {Chloroxylon Svnetenia), 2,700,000 18,800 55 

Cah&'M.i^ile {Vitex aUisdmaT),,.. 2,000,000 13,900 56 
Caluvere. See " Ebony." 

.Cos (ArtocarpiLS irUegrifolia), 1,810,000 11,000 43 



13,000 71 



Ebony or Caluvere (Diospyros ) , 

Eberma), f 1,300,000 i- 

Gal or Hal Mendora ( Valeria { ^ .^^ ^^^ ^^ ^^^ .. 

sp,—f) f '»530,ooo 13*300 57 

Hal Milile {Berry a AmmonUla), 970,000 15,200 48 
Ironwood. See " Naw." 
Jack. See " Cos." 

Mee (Baasia longtfoUa), 1,880,000 13,000 61 

Meean Milile ( Vitex altissima), ... 2, 040,000 14,200 56 

N&w {MesiLa Na^alia\ 2,580,000 17,900 73 

Palmira. See " TaL" 

Taioo {Mimusops Jiexandra), 2,430,000 18,900 68 

Satrnwood. See " Burute." 

Sooriya (Thespesia^popidea), 2,610,000 12,700 43 

Ta\ (BorassiisJlahdliforTnis), 2,810,000 14,700 65 

Teak (Tectona grandis\ 2,800,000 1 4,600 55 

Additional Data prom the Experiments op Captain Fowke, 
R.K, Captain Mayne, E.E., and Modliar Mendis. 

Teak from Johore (Malay Peninsula), 1 9, 400 

Teak from Cochin-China, 1,990,000 12,100 44 

Teak from Moulmeiu, 1,900,000 11,520 42 

Australia,.....!: } 964,000 24,400 64 

Iron-bark, rough-leaved, i, 1 57,000 2 2,500 64 

Jarrah, or "Australian Mahog- ) , ,^^ o 

B.ny^ {Evmlyptm-'i) ..} ^'^S7,ooo 20,238 59 

Stringy-bark (Ev^calyptua gi-\ ^ e 

^i) from Austi^dia, ...../ i.7°9,ooo 13.000 54 
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IX. — SUPPLEMEMTART TaBLE FOft StONE^ LiME, AND CeMENT. 

^ Crashing Stress in Iba. 

ou. the Square Inch. 

Grauwacke from Penmaenmaur, 16,893 

Basalt, "Whinstone, ii>97o 

Granite ^Mount Sorrel), 12,861 

„ (Argyllshire), 10,917 

Syenite (Mount Sorrel), 11,820 

Sandstone (Strong Yorkshire, mean of 9 experi- 
ments), 9>824 

„ (weak specimens, locality not stated), 3,000 to 3,500 

Limestone, compact (strong), 8,528 

„ magnesian (strong), 7,098 

>, » (weak), 3,050 

The above are from experiments by Mr. Fairbaim. 

Mr. Fairbaim's experiments further show that the resistance of 
strong sandstone to crushing in a direction parallel to the layers, is 
only six'seventlis of the I'esistance to crushing in a direction perpen- 
dicular to the layers. 

The hardest stones alone give way to crushing at once, without 
previous warning. All others begin to crack or split under a -load 
less than that which finally crushes them, in a proportion which 
ranges from a fraction little less than unity in the harder stones, 
down to about one-Jialfiii the softest. 

A Year and a Half after Mixture. ^'^Iq^SJTiIS^ 

Mortar of Lime and Hiver-Sand, 440 

„ „ „ beaten, 600 

Mortar of Lime and Pit-Sand, 580 

„ „ „ beaten, 800 

Hydraulic Mortar, of lime and pounded tiles,... 680 
„ „ „ beaten, 930 

Beton, or concrete, of mortar and broken flints, 420 

Sixteen Years after Mixture, the increase of strength is in 
the following proportions : — 

For common mortar, i-8th. 

For hydraulic mortar, i-4th. 

Six Months after Mixture. Lbs. on 

the 

Adhesion of common mortar to compact lime- Sq. in. 

stone, 15 

Adhesion of common mortar to brick, 33 
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Ohk Year aiter Mixturk. JZs^^IS^ 

Good hydraulic lime, 170 

Ordinaiyhydrauliclime,!^'^ J^^ 

Kicli lime, 40 

Good hydraulic mortar. 140 

Ordinary hydraulic mortar, 85 

Good common mortar, 50 

Bad common mortar, 20 

Cement from chalk lime and blue clay, a few 

days after mixture, 125 

Portland cement (from compact limestone and 

clay) 30 to 50 days after mixture, i,20oto 1,550 

X — MiSCELLAKEOUS SUPPLEMENTARY TaBLE. 



Material 


Dixnenaiona 


Tearing 

Load, 

Iba 


Length of 

lib. weight, 

in feet 


Tenacity in 
feet of the 
Material 


Cast pteel bar, 


I in. X I in. 
area i sq. in. 
girth 1-27 in. 

I in. X I in. 
area i sq. in. 

I in. X I in. 

I in. X I in. 

girth I in. 

girth 10 in. 

area 0000115 

sq. in. 

unknown. 


130,000 
100,000 
4,480 
60,000 
50,000 
15,000 
12,000 

1,050 

67,200 

I 6 

1 

6 


0-297 

0-3 

6*o 

0-3 

o'3 

yo 

4-0 
26-0 

0-279 
19,950 
i5>833 


38,610 
30,000 
26,880 
18,000 
15,000 
54.000 
48,000 

27,300 

18,750 

119,700 

95»ooo 


Charcoal iron wire, 

Iron wire rone... 


Iron bar. stron&r 


Boiler plate, strong, 

Teak wood, 


Deal, ... 


Hempen rope, hawser-) 

laid, f 

Hempen rope, cable-laid, 

Silken thread, • 


Flaxen thread, ••• 





Modulus of elasticity of silken thread; 

3,000,000 feet of itself = 1,300,000 lbs. on the square inch. 

Modulus of resilience of silken thread ; 

473 foot-lbs. for a cord weighing 2 lbs. ; or 

20*3 foot-lbs. for a cord 2 feet long x 1 square inch area. 

The tenacity of silk- worm gut, In lineal feet of itself, is about 
the same with that of silken thread 
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Royal Nayy Canvas. 

Mean of Ncm. Mean of Nob. 
1, S; a, 4, fi, and 6. 7 and & 

Tenacity of warp in lineal feet of canvas, 21,552 27,200 

Tenacity of welt in lineal feet of canvas, 30,788 32,000 

Mean tenacity of the flaxen yam in lineal 

feet of itself, being the smn of the 

tenacities of the warp and weft, 52,340 59,200 

(The above are from the Troms, qftlie Institution of Engineers in 
Scotland for 1865-6, on the authority of Professor £a,nkine, Mr. 
Peter Carmichael, and Mr. John P. Smith.) 

Aluminium bronze contains from 5 to 10 per cent, of aluminium, 
and from 95 to 90 per cent, of copper. 

Its mechanical properties are as follows, according to Mr. John 
Anderson, of the Woolwich Gun Factory : — 

Specific gravity, 7*68; heaviness, 480 lbs. per cubic foot 

Tenacity, 73,ooo lbs. per square inch. 

Besistance to Crushing, 132,000 lbs. per square inch. 

Cast steel in small blocks; resistance to crushing, 
in lbs. on the square inch, according to Mr. 
Fairbairn, 269,000 



Section IL — ^Rules. 

1. Factors mf Sufety mmd BIodHli mf Slfeagdi: — 

Dead Load. live Load. 

Factors of safety for perfect materials and ) 

workmanship, j ^ 

For good ordinary materials and workman- 
ship: — 

Metals, 3 6 

Timber, 4 to 5 8 to 10 

MaaQDiy, 4 8 

A dead load on a structure is one that is put on by imperceptible 
degrees^ and that remains steady; such as the weight of the 
structure itself 

A live load is one that is put on suddenly, or accompanied with 
vibration; such as a swift train travelling over a railway bridge, 
or a force exerted in a moving machine. 

EuLB L^Given, the proportions of live and dead load on a 
structure; to find the factor of safety for. the mixed load; multiply 
the factor of safety for a dead load by a number proportional to 
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the dead part of the load, and the factor of safety for a live load 
by the number proportional to the live part of the load; add 
together the products, and divide by the sum of the multipliers. 

Example. — In an iron bridge, suppose dead load : live load 
: : 5 : 4; then (3 x 5) + (6 x 4) = 39; and 39 - (5 + 4) = 4|, 
factor of safety for mixed load. 

Rule II. — Given, the breaking load of a piece of material; 
to find the proof load; divide by the factor of safety for a dead 
load. 

Rule III. — Given, the intended working load on a piece of 
material ; to find the least proper breaking load; multiply by the 
proper factor of safety as found by Rule I. 

Rule IY. — To find the toorking modulus or co-efficient of strength 
of a given piece of material ; divide the modulus or co-efficient of 
vltimate strengUi by the proper factor of safety. (The co-efficients 
in the tables of the preceding section relate, with a few exceptions, 
to ultimate strength, or breaking load.) 

2. Vnifonn Tension.— RuLE V. — To find the intensity of the stress 
on a bar bearing a tensile load; divide the load by the sectional 
area of the bar. 

Rule VI. — To find the breaking load, or the uoorking load, of a 
bar subjected to tension ; multiply the sectional area of the bar by 
the modulus of ultimate or working tenacity, as the case may 
be (ha^dng due regard in the latter case to the proper factor of 
safety). 

Rule VII. — To find the sectional area of a bar to bear a given 
load ; divide the load by the proper modulus. (See Rule IV.) 

Rule VIII. — To find the proportionate extension of a stretched 
bar; divide the intensity of the tensile stress by the ^^modultis oj 
elasticity" (See Tables.) 

To find the elongation; multiply the length of the bar by the 
proportionate extension. 

N.B. — This Rule holds only when the load is not beyond the 
proof strength of the material. In applying it to a live load, that 
load must be doubled, so as to reduce it to the equivalent dead 
load. 

Rule IX. — To find the resilience of a bar under tension; 
multiply the proof load by half the corresponding elongation : or 
otherwise; multiply the modulus of resilience by half the volume 
of the bar. 

The five preceding Rules are applicable when the resultant of 
the stretching load traveraes the centre of each cross-section of 
the bar. 

3. Uniformly Tarying Tension.— When the resultant of the 
stretching load does not traverse the centre of the cross-section of 
the bar, the intensity of the stress will sensibly vary at an uniform 
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rate ; and will be least at that edge of the section from which the 
resultant deviates, and greatest at that edge towa/rda which the 
I'esultant deviates. The mean irUevrnty will be the same with that 
given by the Rules of the preceding Article. To find the ratio 
in which the greatest intensity exceeds the mean, proceed as 
follows : — 

Rule X. — Find the centre ofmcignitude of the cross-section as in 
the Rules of pages 81, 82, 83, and S5, Then find its centre of per- 
cussion relatively to the edge from which the resultant load deviates. 
(See pages 155, 156, 157.) Divide the deviation of the resultant 
of the load from the centre of magnitude by the deviation of that 
centre of percussion from the centre of magnitude. Divide the 
distance of the centre of magnitude from the edge towards which 
the resultant load deviates by the distance of the same centre from 
the opposite edge. (In symmetrical sections this second quotient 
is = 1.) Multiply together the two quotients, and to the product 
add 1. (In symmetrical sections add 1 to the fii-st quotient.) The 
sum will be the ratio in which the greatest intensity of the stress 
is greater than the mean intensity. 

4. Besisfance of Thin Shells to Banting. — Let r denote the radius 
of a thin hollow cylinder, such as the shell of a high pressure 
boiler; <, the thickness of the shell; f the tenacity of the material, 
in pounds on the square inch ; jo, the intensity of the pressure, in 
pounds on the square inch, required to burst the shell. This ought 
to be taken at six times the eflfective working pressure — effective 
pressure meaning the excess of the pressure from within above the 
pressure from without, which last is usually the atmospheric 
pressure of 14*7 lbs. on the square inch, or thereabouts. 

Rule XI. — To find the bursting pressure of a given thin cylin- 
drical sliell ; make 

^ r 

Rule XII. — To find the proper proportion of thickness to radius 
for a given ultimate tenacity and bursting pressure; 

t _ p 

~T~ r 

Value of / for well-made wrought-iron boileris, with single- 
rivetted joints, properly crossed; about 34,000 lbs. on the square 
inch (Fairbairn). 

Rule XIII. — To find the bursting pressure of a thin spherical 
shell; take double the bursting pressure of a thin cylindrical shell 
of the same radius, thickness, ai^d material. 

Rule XIV. — To find the least proper thickness for a thin 
spherical shell of a given material and radius, for a given bursting 
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pretssure; take half the corresponding thickness for a cylindrical 
shell 

N.B. — When a cylindrical boiler has hemispherical ends, it is 
advisable to make them as thick as the cylindrical barrel, notwith- 
standing that they are thereby made twice as strong. 

Rule XV. — Suppose a shell of the figure of a segment of a 
sphere to have a circular flange round its base, through which it is 
bolted to a flange upon a cylindrical shell, or upon another spherical 
shell Let r denote the i-adius of the sjihere, in inches; r', the 
radius of the circular base of the segmental sliell, in inches; />, the 
bursting pressure, in lbs. on the square inch ; then the number and 
dimensions of the bolts by which the flange is held should be such, 
that the load required to tear them asunder all at once shall be 

31416 r^;?; 

and the flange itself should require, in order to crush it, the follow- 
ing thrust in the direction of a tangent to it :-^ 

If the segment is a complete hemisphere, r^ = r, and the last 
expression becomes = 0. 

5. Be«i«tanc« ^f Thick Sheila t« Bnratlng. — Let R represent the 
external and r the internal radius of a thick hollow cylinder, such 
as a hydraulic press, the tenacity of whose material isj^ and whose 
bursting pressure is p. 

Rule XVI. — To find the bursting pressure of a given tbick 
hollow cylinder; make 

^ "-^ R2 + r2' 

Rule XVII. — To find the proper proportion of outside to inside 
radius for a given tenacity and bui-sting pressure; make 

The corresponding formulae for a thick hollow spliere are 

2 R3 - 2 > 8 
Em.XTIII.- P-/-^,^^%- 

6. Resistance f Shearinie.— In rivets, keys, pins, bolts, treenails, 
and other fastenings exposed to shearing htress, the greatest intensity 
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of the stress is liable to become greater than the mean intensity, 
through unequal distribution. The strength of fastenings, allow* 
ing for that inequality of stress, is to be made equal to that of the 
main pieces which they connect together. 

BuLE XX. — To find the strength of an easy-fitting fastening 
against shearings multiply the sectional area by the modulus of 

2 
strength^ then take ^ of the product if the fEistening is rectangular 

3 

in section, or - if it is circular or elliptical in section. 

For a perfectly tighJt-fiMing fastening the strength is the whole 
product just mentioned. Many actual fastenings are intermediate 
l)etween easy and perfectly tight fastenings. 

KuLE XXL — Ordinary dimensions of rivets: — 

Diame6&r for plates less than half an inch thick, about double 

the thickness of the plate. 
For plates of half an inch thick and upwards, about once and 

a-half the thickness of the plate. 
Length before clenching, measuring from the head = sum of the 

thickness of the plates to be connected -k- 2^ x diameter of 

the rivetw 

E.ULE XXI. A. — Rivetted Joints. — Make the joint sectional area 
t>f the rivets equal to the area of plate left after making the rivet 
holes; or in symbols, — 

Let t denote the thickness of the plate iron; 
dj the diameter of a rivet; 

n, the number of i^ws of rivets transverse to the pull ; 
c, the piich from centre to centre of the rivets in one tx>w; then 

, -7854 w€^ 
c = (/ + -^ 

Each plate is weakened by the rivet holes in the ratio 

c - d _ '7854 n d 
c ^ t •¥ -7^04 n d' 

In "single-rivetted" joints, w = 1 ; in "double-rivetted" joints, 
71 = 2; in "chain-rivetted" joints, n may have any value greater 
than 1. A single-rivetted joint is weakened by unequal distri- 
bution of the tension in the ratio of 4 : 5. 

Suppose that in a chain-rivetted joint the pitch, <?, is fixed; then 

{c^d)t 



n = 



•7854 c^2- 
P 
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7. BMtatBHce •• o^MpvcMt^H «■« i^irect CnuhiHg. — ^Resistance- 
to longitudinal eompresdon, when the proof stress is not exceeded, 
is sensibly equal to the resistance to stretching, and is expressed 
by the same modulus. When that limit is exceeded, it becomes 
irregular. (See Rule VIII., i)age 206.) 

The present Article has reference to direct and simple crushing 
only, and is limited to those cases in which the pillars, blocks, 
struts, or rods along which the thrust acts are not so long in pro- 
portion to their diameter as to have a sensible tendency to give way 
by bending sidewaya Those cases comprehend — 

Stone and brick pillars and blocks of ordinary proportions; 

Pillars, rods, and struts of cast iron, in which the length is not 
more than five times the diameter, approximately; 

Pillars, rods, and struts of wrought iron, in which the length is 
not more than ten times the diameter, approximately; 

Pillars, rods, and struts of dry timber, in which the length is not 
more than about twenty times the diameter. 

In such cases the Rules of this Section, from "V. to "VIL, 
and also Rule X. (pages 206, 207), are approximately applicable, 
substituting thrtiat for tension, and using the proper modulus of 
resistance to direct crushing instead of the tenacity. 

Blocks whose lengths are less than about once-and-a-half their 
diameter ofier greater resistance to crushing than that given by 
the Rules; but in what proportion is uncertain. 

8. Strengtli of liong Strata and PlUanu— Long struts and pillars 
give way by bending sideways and breaking acro^. Let P be the 
breaking load of such a pillar; S, its sectional area; I, its length; r, 
the least radina of gyration of its cross-section (see page 154); /and 
c, two co-efficients depending on the material; then 

. RuLB XXIL — Por a strut or pillar fixed in direction at both 
ends, 

P / 

1 + — 9 

Rule XXIIL — For a stmt or pillar jointed at both ends; 

P / 

S "■ J ^ 4J2- 

C 7^ 

Rule XXIV. — Por a strut or pillar jointed at one end and fixed 
at the other; 

P / 

S " , 16^2 • 

9 cr* 
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Malleable iron,. 

Cast iron, 

Dry timber, 



Values op the Constants. 
/ 

Lbs. on the Square Inch. 



36,000 

80,000 

7,200 



36,000 
3,200 
3,000 



12. 



Table op Values op r^ foe Difpebent Forms op 
Cross-Section. 
Solid rectangle; least dimen- ) 

sion = h; j 

Thin square cell; side = A;.... 
Thin rectangular cell; 1 

breadth, 6; depth, h; ) 

Solid cylinder; diameter = A; 
Thin hollow cylinder; dia- ) 

meter = h; J 

Angle iron of equal ribs; ) 

breadth of each =16; J 

Angle iron of unequal ribs; ) 

greater, b, less, h; J 

Cross of equal arms; 

H-iron; breadth of flanges, "i 

h; their joint area, B; area > 

of web, A ;. 



l^h^ 



Cbannel iron; depth of 

• flanges + ^ thickness of 
web, h; area of web, B; of 
flanges. A; 

Barlow rail; cross -section 
composed of two quad- 
rants of radius R, mea- 
sured to middle of thick- 

^ ness, connected by a table 
of sectional area = joint 
area of quadrants x '273; 

^air of Barlow rails as above, 
rivetted base to base ; 

Circular segment of radius 
B and length 2 E ^; 



.7*2 



A2 - 

7i2 - 6. 
71 h + 3b 

12' h-j-b" 
A2 ^ 16. 

h^ -f. 8. 

62 ^ 24. 

12 (62 + 7,2). 
h^ -f. 24. 
62 A 
12 ' A -r B* 



in 



AB 



+ B)2/- 



2(A + B) ' 4(A + B)- 



R2 .4. 7 nearly. 



{r 



•393 R2 
cos ^ sin fi 



20 



sm 



-'} 



E2 



9. BMrlMance of Tabes to Collapsiog.— EULE XXV. — Collapsing 
pressure in lbs. on the square inch = 

9,672,000 thickness2 
length X diameter ' 
all the dimensions being in the same units of measure. , 
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Wlien tubes are stiffened by rings, the length in the rule is to 
be measured from ring to ring. 

10. Actton •€ m Twmwnrrmm I«Mi«i •■ m BeAOi.— If the load con- 
sists of several parts, find the resultant load hj the Bules of Part 
v., page 164, and Part lY., page 153. Then find the supporting 
forces by the proper rale (XIX.) in page 163. 

Bulb XXVL — ^To find the mearvng actions exerted in a series of 
intervals of the length of the beam : — 

Case I. — If the loaded part of the beam projects outward from 
its point of support, and the load is applied at detached points, the 
shearing action in the outermost interval is equal to the load at 
the outermost point 

To the shearing action in any interval add the load applied at 
the inner end of that interval; the sum will be the downward 
shearing action in the next interval inwards. 

For a distributed load, in symbols; let dxhe an interval of the 
length; tr, the load per unit of length; F, the shearing action at 
the distance a; inwards &om the outermost loaded point; then 



// 



idax 



Case II. — If the loaded part of the beam lies between its points 
of support, and the load is applied at detached points; the upward 
shearing action in the interval next one of the points o£ support 
is equal to the supporting force at that point. 

From the shearing action in any interval subtract the load 
applied at the point next beyond that interval ; the sum will be 
the shearing action in the interval next beyond. 

For a distributed load, in symbols; let P<, be the supporting 
pressure at the end where the calculations commence, and F the 
sheaiing action at the distance x from that end; then 



¥ = Vo — flwdx. 



Kemark. — In calculating the series of shearing actions in Case 
II., a point is reached where the shearing action changes its direc- 
tion, as shown by its algebraical sign changing from positive to 
negative. This is the (K)int where the locui divides (as in page 
171). At the further end of the span the shearing action is equal 
in amount to the 8upjx)rting force at that end, but of contrary 
algebraical sign. Let I be the span ; P;, the supporting force at ita 
further end; and F{, the shearing action close to that end; then 



Fi= P^- r M>^a;=- P,; 



and this formula serves as a check on the accuracy of the calcula- 
tions by the preceding formula. 
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Rule XXVII. — To find the bending moments exerted at a series 
of points in the length of the beam. Multiply the length of each 
interval by the shearing action exerted in that interval ; add 
together the products corresponding to the intervals which lie be- 
tween one end of the beam and the point where the bending 
moment is required; the sum will be the required bending 
moment. 

In symbols, let M be the bending moment at the distance x from 
one end of the beam ; then 



"=/: 



Remark. — The accuracy of the calculation of the l)ending 
moments at a series of points may be checked by trying whether 
at the further end di the span the bending moment vanishes; 
that is 



M,=/: 



Fdx=:0. 



Rule XXVIII. — To find the greatest bending m>omenJt; take 
the bending moment at the point where the load divides; that is, 
where F = 0. 

For tables of the comparative values of different units of bending 
moment, see pages 104, 110, 113. 

11. fizplanatioa of th« Table of Bxamplea. — W, total load; I, 
length of beam fixed at one end, or span of beam supported at both 
lends; F, shearing action, and M, bending moment, at distance x' 

from one end; x\, distance from one end at which shearing action 
is gi'eatest; A;, ratio of greatest shearing action to total load W; 
x^Qf distance from same end at which F = and M = a maximum ; 
m, ratio of maximum bending moment to WL That is to say, 
let Fj = greatest shearing action, and Mq = greatest bending 
moment; then F^ = kW; M^ = mW L 

To transform the expressions in the following table, Cases IV. 
to VIL, which are suited for co-ordinates measured from one 
point of support of a beam supported at both ends, into expressions 
suited for co-ordinates measured &om the middle of the beam, 
let c be the hcUf-spany and substitute 2 c for I, c — x for x\ and 
c + X for I — x'y throughout the whole of that part of the 
table. 

12. TmTelUng ii«ad «■ m BMini.— A beam of the span I is sup- 
ported at the two ends; a permanent load of the uniform intensity 
of w lbs. per lineal foot is distributed over it An additional load, 
such as the weight of a railway train, of to' lbs. per lineal foot, 
gradually rolls on to the beam from one end, covering it at last 
from end to end, and then rolls o£F at the other end. (For the 
continuation of this Article see page 216.) 
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Rule XXIX. — The Greatest Shearing Action at a given cross- 
section occurs when the longer of the two segments into which it 
divides the beam is loaded with the travelling load as well as with 
the permanent load, and the shorter loaded with the permanent 
load only. Let F denote that action, and af the distance of the 
section in question from the nearer end of the beam j then 



.r..(i-.) + ^^<?^. 



Let X be the distance of the cross-section in question from the 
middle of the beam, and e the half-span^ then 

^, . w' {c + xf 

4 c 

The GreaJteat Bending MamerU at a given cross-section occurs 
when the whole span is loaded with the travelling load, and is 
therefore given by Case VI. of the table , viz., 

^ _ {W + W') X {I — X') _ {W + «/) (c2 — gg) 

^ - 2 " 2 • 

Remark. — If the travelling load is liable to rush midderdy on to 
the bridge, like a swift railway train, its actual weight should be 
doubled in taking the value of t//, in order to reduce it to the 
equivalent steady load ; and when this has been done, the factor of 
sedety employed in further calculations may be that suited for a 
dead load. 

13. The Moment of Besistaiice of a Beam at a given cross-secticni 
ought to be at least equal to the greatest bending moment. 

Rule XXX. — In a skdeton beam, consisting of stringen and 
braces only (see fig. 72, page 169), to find the moment of resist- 
ance at a given joint ; multiply the sectional area of the stringer 
opposite that joint by the greatest safe intensity of stress along it 
(tensile or compressive as the case may be) and by the perpendicular 
distance of the centre line of the stringer from the joint; the pro- 
duct will be the required moment of resistance. 

Rule XXXI. — In a thin-wdhed beam with parallel flanges 
along the edges of the web (in other words, of a thin-webbed I- 
shaped section) the flange which becomes convex by the bending 
of the beam is stretched, and that which becomes concave com- 
pressed. Multiply the sectional area of each flange by the greatest 
safe stress along it (tension or thrust according as the flange i» 
stretched or compressed); then multiply the lesser of the two pro- 
ducts by the perpendicular distance between the centre lines of the 
flanges; the final product will be the required moment of resist- 
ance, approximately. In this method the moment of resistance 
of the web is neglected. 
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N.B. For the best economy of material, the two products first 
mentioned should be equal to each other. The cross-section of the 
beam is then said to be of eqtud strength, 

KuLE XXXII. — In a solid beam, to find the moment of 
resistance at a given ci-oss-section : — 

Step 1. — Find the netitrcU aocis of the cross-section by taking its 
centre of magnitude (see pages 81 to 84), and drawing through 
that point a straight line pei'pendicular to the plane in which the 
bending of the beam takeS'^^lace. 

Step 2. — Find the geometrical moment of inertia of the cross- 
section relatively to its neutral axis, by dividing that section into 
narrow strips parallel to the neutral axis, multiplying the area of 
each strip by the square of its distance from the neutral axis, and 
adding the products together. (In Rules I., II., and III. of page 
154, put "cross-section" for "body," and "area" for "mass," 
and those rules become applicable to the present purpose.) In 
symbols, let y be the distance of any strip from the neutral axis; z, 
its length parallel to that axis; df/, its breadth ; and I, thogeometri-* 

cal moment of inertia of the section ; then I = I y^zdy {=n'bh^, 

-where h is the breadth, h the depth, and n' a factor depending on 
the form of section). Also, let S be the sectional area, and r the 
radius of gyration of the section relatively to its neutral axis (see 
page 211); then I = r2S. 

Step 3. — Divide the greatest safe tensile stress on the material 
by the greatest distance of the stretched particles of the cross- 
section from the neutral axis, and the greatest safe compressive 
stress by the greatest distance of the compressed particles from 
the neutral axis; multiply the lesser of those quotients by the 
moment of inevtia of the cross-section; the product will be the 
required moment of resistance. 

In symbolsy let y;, and y^ be the greatest distances of compressed 
and stretched particles from the neutral axis; /^ and^, the greatest 

f 
safe thrust and tension oi^ those particles respectively; let ^ stand 

f f 
lor the lesser of the two* quotients, — , --; then the moment of 

resistance is ^ t 

M ='^-^ = nf.hh^i 
Vi 

where w is a factor depending on the form of cross-section. Another 
expression for the moment of resistance is as follows :-« 
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in whicli S is -the area of the crosa-sectioM, and ^ a suitable 
numerical feictor. 

For the beat economy of material, the two quotients oudit to be 
oquali that is t» say, ^ 

Vi y^ yt A " 
This gives a erosa-aecUon ofeqwd strength. 

Examples of the Nuvebical Factors. 



.Form. of. GfDBs-SeotioiiaL 




m'-^' 
"^-h 


y 6 A»- 


L Rectangle 6 iL ) 


1 
12 


1 


1 
(5 


(including square) | 

IL ElUpse— 

Vertical aria ^.*. ,... ) 

Horizontal axiR 6, > 

(including circle) ) 

m. ^[ollovjrectangle, h A--6'A';^ 
also I -formed section, 
where ft' is the sum of the - 
breadths of the lateral 
JhollpwB,.. .......X.4 


IT 1 

64 20-4 
= 0-049H 


I 
2 


IT 1 

32"10-2 
^ 00982 


1, 6-;^^ 
12V bhr) 


I 
5 


i('-Sr-) 


IV. ^[ollow square, 

A»-Av 

V. Hollow ellipse, ,..„ 


12 \^ A*; 


1 
2 \ 


U-^t) 


20-4V^ hh^J 


1 
2 


1 / J-A-x 


VI. Hollow*circle,...M.r 


20-4 V^ AV 


1 
2 




VJJ. Isosceles triangle; base 6, ) 
height /t; yi measured > 
from summit, ,...• 


1 
.36 


2 
3 


1 
24 
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Form op Cross-Section. 

L Bectaogle^ g. 

II. Ellipse and circle, « z, 

ILL Hollow rectangle, ., -,^ 

S = 6 A - b'h'; also I-shaped i « ^JlZ 

section, h* being the sum of ^ ^^ 

the depths of the lateral ^/. b' h'\' 

hoUows, ''V "■ FT/ 

TV. Hollow square, S = A2 _ A'2,.... ^ (^1 +-p j. 

T. Do., very thin (approx.), «. 

VI Hon..«r», K'-wX' - SJ> 

TU Hollow did., S (' * ^- 

VIIL Da, very thin (approx.), 

IX. T - shaped section ; flange A, /O + 4 A 

web C; S = A + C (approx.), 6 (0 + A) (O + 2 A) ' 

X. I-shaped section; flanges A, B; 
web C; S = A + B + C j the 

S -a-WP ^h 6(0 + 2B)(A + B + C) * 

X. A, Da, do., the beam sup- 
nosed to give way at the flange (j/c + 4 A + 4 B) + 12 A B 
^ ^*PP~^->' -6T C^2A)(aU tC) • 

XL I-shaped section; with equal 

flanges; A=B;S=C + 2A V14. _1A_\ 
(approx.), 6 V C + 2 A/ 

14. CMM-Sccttou of JBvnai strensUi have already been mentioned. 
The following rules are applicable where the beam is I-shaped, con- 
sisting of a vertical web, rectangular or nearly so in section, with 
flanges of small depth compared with the depth of the webj ninning 
along its upper and lower edges* 
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Let fa be the greatest safe thnist; ^the greatest safe tension; 
ya and y\^ the distance from the neutral axis to the centres of the 
compressed and stretched flanges respectively; A = y^ + Vh^ the 
depth between the centres of the flanges; A and B, the sectional 
areas of the compressed and stretched flanges respectively; C, the 
sectional area of the web measured from centre to centre of the 
flanges. 

Rule XXXIII.— ;/« greater than ^ (as in cast iron). Given, 

A, C; to find B; 

Bemare. — ^The moment of resistance is 
M = a{/.A + (2/._/,)5 } = a{/.B-(/.-2/.)^ }. 

In practice, A^i B is often used as an approximation to this 
moment 

Rule XXXIII k.—/^ less than^i (as in wrought iron). Given, 

B, C; to find A; 

A =-J • B +-^^-^- C. 
Remark. — The moment of resistance is 
M = a{/,B + (2/.-/.)^} = a{/.A + {2/.-/»)^}. 

In designing I -shaped beams, fix C by considerations of prac- 
tical convenience, and then find A and B so as to give the required 
moment of resistance. 

15. liongitadlnal Sections of JBqaal Strength. — RuLE XXXlV. — 
To give a beam a longitudinal section of equal strength, make 6 A*, 
or h S, at different points of the length of the beam, vary propor- 
tionally to M ; taking care near the points of support to leave 
enough of material to resist the shearing action. 

To effect this with the greatest economy of material, let the 
depth, A, be uniform, and make the breadth, 6, or the sectional area, 
S, vary proportionally to M. 

To effect the same thing, and give the beam the greatest possible 
flexibility, either let h be constant, and make h vary proportionally 
to V M; or let S be constant, and make h vary proportionally 
toM. 

16. Allowance for Weisht of Beam.— RULE XXXV. — Let W* 

be the external working load, dead, live, or mixed, on a beam; d^ its 
proper factor of safety; and let 8 be the factor of safety for a dead 
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load. Having fixed the depth beforehand, calculate a provisiorud 
breadth, or a provisional sectional area, suited to bear safely the 
external load alone; and thence compute a provisional weight for 
the beam, — say B', Then increase the breadth, or the sectional 
area, in the following ratio : — 



W — sB' 



and the beam will safely bear its own weight in addition to the 
given external load. 

KuLE XXXVI. — Given, the span I, weight B, and external 
working load W of an actual beam of a given sort; to find the 
limiting span, L, of a beam of the same sort, and with the same 
proportion (A -r Q of depth to span, which will just bear its own 
weight safely and no more. 

^ = ^* — 7b — 

Rule XXXVII. — Given, for a certain sort of beam, with a 
given proportion, h -r- I, of depth to span, the span /, and the 
limiting span, L, of similar beams; to estimate the probable pro* 
portion of weight of beam to external load; 

B s' I 



W "" « L — Z 

17. DeflectiM •£ Bmiim.— RuLE XXXVIII.— To find the curv- 
ature (that is the reciprocal of the radius of curvature) of an 
originally straight beam at a given cross-section. 

Case I. — The bending moment given. Divide the bending 
moment by the moment of inertia of the given cross-section (see 
Article 13 of this section, page 217), and by the modulus of elasticity 
of the material. In symbols, let r be the radius of curvature; then 

1_^ 

Case 11. — The cross-section under its proof stress. Divide the 
proof stress (/^) by the distance of the most severely strained 
particles from the neutral axis, and by the modulus of elasticity; 
the quotient will be the proof curvature; 
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In erosf-secHaiu of equal strength the proof curvature is 

r'^ Eh* 

Rule XXXIX. — To find the slope of the beam (originally level) 
at a given point. Divide the length of the beam into small 
intervals {d x); multiply the length of each interval by the curva- 
ture at its centre (giving the product — J ; add together the 

products for the intervals from a point where the beam continues 
horizontal to the point where the slope is required; the sum 

[i=J — ) will be the required slope. 

BuLE XL. — To find the deflection. Multiply the length of 
each small interval by its slope (obtaining the product i d x); add 
together those products for the intervals extending between the 

highest and lowest points of the beam, the sum (v = I id x) will 

be the required deflection. 

The preceding is the general method. The following are special 
rules >— 

Let c be the JicUf-span of a beam supported at both ends, or the 
length of a beam fixed at one end ; h, the extreme depth, and b, the 
extreme breadth of the beam; W, any given load;y^, the proof 
stress; or/„the proof thrust, and/j,the proof tension, in cross-sections 
of equal strength; m'hy the distance of the most severely strained 
layer from the neutral axis; n! b h^, the moment of inertia of the 
greatest cross-section; m", w", W, w"V numerical multipliers. 

BuLE XLI. — Steepest slope under proof load; 



*i-Ew'A' V EA )' 

Bulb XLIL — Proof deflection; 

""^^Errvh' y"" Eh y 

Bttle XLIIL — Steepest slope under a given load, W; 

BuLE XLIV. — Deflection under a given load, W; 
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Proof Load. Given Load. 

CaM. Factors for Factors for 

Slope. J>eflection. Slope. Deflection; 

A. XJnifobm Ceoss-Section. «" n" to''' fnf" 

L ConstantMomentof Flex- V •. 1 

lire, j 2 

IL Fixed at one end, loaded ) 1 ^^^^ 1 1 \ 

at other,... rr.r. j 2 '*'"^' 3 2 3 

IIL Fixed at one end, nni- ) 1 1 - ... ^ 

formly loaided, J 3 "*"^* 4 6 & 

lY. Supported at both ends, ) 1 1 1 \ 

loaded in middle, j 2 3 i 6 

V. Supported at both ends, ) ? _^ I: ^_ 

uniformly loaded, / 3 lii C iS 

R Uniform Strength and Uni- 
form Depth, 

(The curvature of these is uniform), 

VI. Fixed at one end, loaded ) | 1 •• 1 

at other, J * 2 2 

TIL Fixed at one end, uni- ) j, 1 1 1 

formly loaded, J 2 2 4 



VIIL Supported at both ends. 



loaded in middle, J 2 * 2 4 



1 1 

uniformly loaded, / '' 2 4 8 



IX. Supported at both ends, ) 



1 ... 


1 




... 2 •••••• 


1 ,.. 


1 




•" 2 


1 ... 


1 




• • 2 




1 


1 ... 


••• Q 



C. Uniform Strength and Uni- 
form Breadth. 



1 1 



X. Fixed at one end, loaded ) o 2 o 2 

atother, J 3 ** 3 

XII. Supported at both ends, ) o 2 , 1 

loaded in middle........ J 3 3 

^' ^3S;ioi^?d,!!'::} l-«708 0-5708 0-3927 0-U27 
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EuLE XLV, — Given, the half span, c, and the wiended proof 
defUUxony v^, of a proposed beam; to iind the proper value of the 
ffnaUit dtj^y h^; make 

(taking n" from the preceding table, and making m' h^ as before, 
denote the distance from the layer in which the stress is/j^ to the 
neutral axis.) 

If the cross-section is to be of equal strength^ make 

BuLE XLYI. — ^To deduce the greatest stress in a given layer of 
a beam from the deflection found by experiment. 

Let h be the depth of the beam at the section of greatest stress, 
and y the distance from the neutral axis of that section to that 
layer of the beam at which the greatest stress is required : — 

c, the half-span of a beam supported at both ends, or the length 
of the loaded part of a beam supported at one end; 
n", the factor for proof deflection, already explained; 
E, the modulus of elasticity of the material; 
V, the observed deflection; 
then the intensity of the required stress is 



Bulb XL VII. — To find the resilience of a beam loaded at one 
point; multiply half the pix)of load by the proof deflection. 

18. CoaUnaom Girdcn.— In the following rules the girder is 
supposed to be of uniform cross-section, and to be continuous over 
two or more piers. The half-span of one bay is denoted by c; the 
fixed load per unit of span by w; the travelling load per unit of 
span, if brought on slowly, by t(/; if the travelling load comes on 
suddenly, w must be understood to stand for the equivalent dead 
load; that is twice the actual travelling load per unit of span. The 
moment of resistance of the uniform cross-section is to be adapted 
to the most severe bending moment. 

BuLE XLVIIL — To find the bending moment at mid-span 
(Mq), and the reverse bending moment over each pier ( - Mj), when 
every span is loaded with the travelling load; 



M, 
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Rule XLIX. — To find the said bending moment wlien tlie span 
under consideration is loaded with the travelling load and the 
adjoining spans with the weight of the bridge only; 

Mq _ g , — Ml — g . 

Every continuous girder bridge has two end hays at which the 
continuity stops; and these must be of less span than the inter- 
mediate bays. 

Ru le L.— The proper span of an end bay should be not less than 

c \/ « (or it will be too light); and not greater than 

To calculate the proof deflection of continuous girders, use Rule 
XLIV., page 223, with the following values of the multiplier »*; 



Every span fully load^d^. 



One span fully loaded; the adjoining spans loaded 
with the weight of the bridge alone; the lesser 
of the two following factors, .., 



1 

8 

w + Sw' 

w + Sw' 

8 w + 4 «?' 

19. Arched Bibs.— In the following rule the rib, of iron or 
timber, is supposed to have its centre line of the foi-m of a parabola, 
of the half-span, o, and rise, k The sectional area of the rib at its 
crown is denoted by A, and at other points that area is supposed 
to vary as the secant of the inclination of the rib to the horizon. 
The depth of the rib, h, is supposed uniform. The moment of 
resistance of the rib to cross-breaking is supposed to be denoted by 
fiQ h A; q being the multiplier of which values are given in page 
219. The uniform fixed load per unit of span is denoted by w; 
and the travelling load per unit of span, if gi^ually put on, by it/; 
if suddenly put on, w' denotes twice the actual travelling Joad per 
unit of span. The rib is supposed to be jointed at the crown and 
at the springing. 

Rule LI. — When the rib is fully loaded, to find the horizontal 
thrust (H), and the intensity of the stress (p), 

{w + vT^c^ H 
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Rule LIL — ^When one-half of the span only is loaded with the 
travelling load^ the horizontal throst is, 

Also, let -j^ = M' ; then the greatest intensity of stress is 



i(- 



. M'\ 



Bemare. — That greatest stress is compressive; and is exerted 
near the middle of the length of the inner edge of the unloaded 
half of the rib, and of the outer edge of the loaded halfl 

Rule LIIL — Given, the greatest safe stress, f^; to find the 

proper area. A, for the rib at its crown; calculate the two foUow- 

M' 
ing quantities : H as in Rule LI. ; and H' H — t as in Rule LIL ; 

qh 

divide the lesser of them by/,; the quotient will be the required 

area. 

20. Stiffening Oirder.— RuLE LIY. — To find the proper Tnament 
of resistance for a stiffening giixler for a suspension bridge ; calcu- 
late M' as in Rule LIL The greatest sheaHng action in that 

. , , w' c 
girder is -j-. 

The stiffening girder is liable to be bent upwards and down- 
wards alternately; and therefore it should be made alike above 
and below. 

21. Kesiatnnce to Twisting.— Let h be the external diameter of a 
shaft; h\ the internal diameter (if it is hollow);/*, a modulus of 
stress. 

Rule LV. — Moment of i*esistance of 

a solid cylindrical shaft, 0-1 96/' ^5; 

a hollow cylindrical shaft, ....O'lOG/ • r — ; 

a solid square shaft, 0-28/ hK 

Rule LVI. — To find the thickness of a shaft which shall have 
a given moment of resistance to twisting, M. 

solid cylindrical shaft, h = aV [ q^^qq ^ J ; 

hollow cylindrical shaft, h' =nh; A = V/ (oTTofiTrZlSr/' )* 

solid square shaft, h = aV { q.qq x \ 
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Stress in Lbs. on the Square Inch. 
Breaking. Working. 

Cast iron, 27,700 4,000 to 4,500 

Wrought iron, 50,000 8,000 to 9,000 

E.ULE LVII. — When bending and twisting actions are com- 
bined on one shaft, let M be the bending moment, and T the 
twisting moment; then make the shaft of the diameter suited to 
resist the following twisting moment: — 

M + V (^^ + T2). 

BuLE LVIII. — The angle of torsion of a bar, whether cylindrical 

2 f I 
or square, when, under the proof stress/', is -jrr> ^ which I is 

the length, and h the thickness of the bar, and C the modulus of 
transverse elasticity. 

22. Backied Piatciu— EuLE LIX. — To calculate the load uni- 
formly distributed over a buckled plate, which will crush it; the 
plate being square, and fastened all round the edges. Multiply 
the depth to which the plate is buckled by the square of the thick- 
ness, both in inches and by 165; the product will be the crushing 
load in tons, nearly. Central load which crushes a buckled plate, 

about ^ of uniformly distributed load. 

23. Suspension Bridges,— As to the horizontal tension, see page 
173. As to stiffening girders, see page 226. 

KuLE LX. — Given, the working horizontal tension, H, the half 
span, osy and the depression, y, of the chain or cable; to calculate the 
weight of a half-span of it. (Factor of safety, 6.) 

TLx 

For the strongest wire cables, make C = ; 

4-,DUU teet 

For cable iron chains, make C = o-?r7r7r-?— : . 

3,000 feet 

Then for a chain or cable of uniform cross-section, the weight of a 
half-span is 

and for a chain or cable of uniform strength (the area varying as 
the tension) the weight of a half-span is 

4?A 



^" = ^0 + 3-1 
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PART VIL 

MACHINES IN GENERAL. 

Section I. — Euuss relatikg to the Cohpabison of Motions. 

1. nittitoa wf m P«iBt.— As to measures of speed of advance, or 
linear velocity, and of speed of turning, or angular velocity, see 
page 102. In the following rules, when not otherwise specified, 
linear velocity is supposed to be expressed in fe/^ per second, and 
ansular velocity in circular measure per second. Linear velocities 
and angular velocities are represented by lines, and compounded 
and resolved, like forces and couples. (See pages 158 to 163.) If 

there be three bodies, 1, 2, and 
^^ 3, and 3 has a given motion 
relatively to 2, and 2 a given 
motion relatively to 1, the 
resvUant of those two motions 
is the motion of 3 relatively 
toL 

Rule I. (See fig. 86.)— 
^* * Given, the velocity and direc- 

tion, A B, of the motion of a point, A ; to find the component of that 
velocity along a given line, X A X; from B, let fall B C perpen- 
dicular to X X ; A C will be the required component In fifymbols; 

A C = A B • cos C A B. 

Rule II. — A point moves in a curve of a given radius (r) with 
a given linear velocity {v); to find the amg'ulcvr velocity o/revoltUion, 
divide the linear velocity by the radius. In symbols; 

a = -. 

r 

Rule IIL — In the same case, to find the rate of demai^on; 

divide the square of the linear velocity by the radius; or otherwise, 

multiply the square of the angular velocity by the radius. In 

symbols; 

v^ 
rate of deviation = — = a^r. 
r 
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2. Tnui«iaU«a ^f a Rigid B^r is that kind of motion in which 
all points in the body move with equal velocities and in parallel 
directions along equal and similar paths, straight or curved* 

BuLE IV. — During translation the rdaJtive moHon of two points 
in a rigid body is = 0. Their compcMrcUiw motion at any instant 
consists in equality of speed and identity of direction. 

3. B«iaiimi •€ a Kigid Body.— KULE Y. — Given, an axis of 
rotation in a rigid body, and the angular velocity of rotation; to 
^nd the direction and velocity of the motion of any point in the 
body. Let fall a perpendicular from the point on the axis; the 
required direction will be perpendicular to that perpendicular and 
to the axis; and the required velocity will be the product of the 
angular velocity into the length of that perpendicular. 

Rule VI. — ^Given, the linear velocity of a point in a rigid body 
rotating about an axis; to find the angular velocity; divide the 
linear Telocity by the perpendicular distance of the point from the 
axis. 

Rule VII. — Given, an axis of rotation, and two points not in 
that axis; to find the compcmxHve motion of those two points. The 
ratio of their velocities, or vdodty-ratio, is equal to the ratio of their 
perpendicular distances from the axis. 

Rule VIII. — ^A rigid body moves parallel to a given plane, and 
the directions of motion of two points in it are given; to find its 
axis of rotation, if any. 

If the two points are not in one plane parallel to the given plane 
of motion, take their projections on such a plane (A, B, in figs. 87, 
88, 89); the motions of those projections will be identical with 




^: 




yik Fig. 88. 




those of the original points. In each figure the arrows represent 
the given directions of motion of the points. 

Case L — Directions not parallel {^g. 87). Perpendicular to the 
given directions, draw A O, B O, cutting each other in O; the 
required axis will traverse O, and be perpendicular to the plaiie of 
motion. 
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CasiB IL — Directions parallel to each other, and not perpen- 
dicular to line of connection, A B. In this case the motioa is one 
of translation, and there is no axis. 

Case III. — ^Directions perpendicular to A B. (See figs. 88, 89.) 
In this case the problem is indeterminate unless the velocity-ratio 
of A and B is given. Then draw A Va, B Y^, in the directions of 
motion of A and B, and bearing to each other the given ratio ; draw 
the straight line Vo V*, cutting A B (produced if necessary) in O; 
this will give the position of the required axis. 

Bem ABK. — The axis found by Rule VIII. may be either per- 
manent or instantaneous, 

BuLE IX. (See Sig, 90.) — In a body rotating with a given 
speed about a ^ven axis, O, to find the 
•component, in a given direction, B A, 
perpendicular to that axis, of the velocity 
of a point, A On A B let fall the per- 
pendicular O B, and multiply its length 
by the angular velocity. 

4. Rlotton of Blgidlr-Coniiccted P^tata^— 

A pair of points, A and B (fig. 91), are 
so connected that their distance from each 
other, A B, is invariable. 




Fig. 90. 




Fig. 91. 



Rule X. — Given, the directions, A a and B 5, of the motions of 
a pair of rigidly-connected points at a given instant; required, their 
velocity-ratio. Draw the straight line of connection, A B, and 
produce it if necessary. Then lay off in it any convenient equal 
distances, A C = B D. Through C and D draw perpendiculars to 
the line of connection, cutting A a and B 5 in E and F. Then, 
velocity of A : velocity of B : : A E : B F. 

5, Points In Sliding Contact.— In fig. 92 let A B and D repre- 
sent a pair of smooth surfaces moving in sliding contact, and let 
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T mark the position of the pair of particles which at a given 
instant toach each other. 

Rule XI. — Given, the directions T V^ 
and T Vg of the motions of the con- 
tiguous particles ; to find the ratio of their 
velocities. At the point of contact 
draw T U of any convenient length 
normal to the two surfaces at that point. 
Through U draw U V^ Vg parallel to 
the common tangent plane of those sur- 
faces, and cutting the directions of motion 

of the contiguous particles in Y^ and Vg. Then velocity of 
particle 1 : velocity of particle 2 : : T V^ " ~" 

Section IL — Eules belating to Mechanism. 

1. Rolling Contact.— The conditions of rolling contact between 
two pieces in a machine (such as two smooth wheels, or a smooth 
wheel and a sliding bar) are as follows : — If the two pieces turn 
about axes, the two axes and the straight line of contact of the two 
pieces must be in the same plane, and must either be parallel or 
intersect in one point. If one piece turns on an axis, and the 
other slides, the axis and the line of contact must be parallel to each 
other, in one plane perpendicular to the direction of sliding. 

Kule I. — Two pieces (smooth wheels) are to turn in rolling 
contact with each other about a pair of parallel axes, with a given 
ratio of angular velocities; say that of a : 6. To find the position 
of the line of contact of the pUchrSwrfacea ; let c be the line of 
cerdrea; that is, the perpendicular distance between the axes; then 
the distances of each point of contact are, — 

h c 
From the axis about which the angular velocity is as a; -', 

From the axis about which the angular velocity is as 6 ; ^. 

In other words, the radii are inversely as the angula/r velocities, 
Kule II.0-A rotating piece (such as a smooth wheel) and a 
sliding piece move in rolling contact. Given, the angular velocity 
of the rolling piece; to find the linear velocity of the sliding piece; 
multiply the angular velocity of the rolling piece by the perpen- 
dicular distance from its axis to the line of contact of the 
pitch-surfaces. 

Rule III. — Given, the ratio of the angular velocities of two 
corneal or smooth bevel wheels about their axes (which meet in one 
point); to find the line of contact of the pitch-suriaces of those 
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wheels. In fig. 93 let O A, O C be the two axes, intersecting in 
O. Lay off on those axes, O a, O 6, respectively proportional to 

the angular velocities of the 
wheels which are to turn about 
them. Complete the parallelo- 
gram O b e a; the diagonal 
O c (produced as far as re- 
quired) will be the line of con- 
tact of the two pitch-surfaces; 
and those surfaces will be 
cones made by sweeping that 




Fig. 93. 
line round the two axes respectively. 



2. Skew-BeTel WTieei*.— The pitch-surfaces of skew-bevel wheels 
are hyperboloids, generated by the revolution of the line of 
contact about each of the axes, to which it is neither parallel nor 
intersectiog. 

EuLE IV.— The directions and positions of the axes being given, 
and the required angular velocity-ratio, a : (, it is required to 

find the MiquUies of the line of con- 
tact to the two axes, and its least 
perpendicular distances from those 
axes. 

In ^g. 94 let A B, C D be the 
two axes, and G K their common 
perpendicular. 

On any plane normal to the com- 
mon perpendicular draw a 6 || A B, 
c c? II C D, in which take lengths in 
the. following proportions : — 

a ih ; ; hp : h q; 

complete the parallelogram hpeq, and draw its diagonal, e A// 
the line of contact, E H F, wiU be parallel to that diagonal 

From p let fall p m perpendicular to h a. Then divide ther 
common perpendicular, G K, in the ratio given by the proportional 
equation, 

em : mTh : : GK : GH : K Et; 




Fig. 94. 



h e 



and the two segments thus found will be the least distances of the- 
line of contact from the axes. 

The first pitch-surface is generated by the rotation of the line 
E H F about the axis A B, with the radius vector G H; the 
second, by the ro tation of the same line about the axis C D, with 
the radius vector H K, 
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3. Teeth of iFheeifc— Rule V. — To find the least Sickness 
snitable for the teeth of a wheel Divide the pressure to be trans- 
mitted by 1,500 lbs., and extract the square root of the quotient 
for the thickness on the pitch-circle in inchea 

EuLE VL — To find the least pitch suited for the teeth of a wheel ; 
multiply the least thickness on the pitch-line by 2^. 

Rule VII. — To find the least breadth suited for the teeth of a 
wheel; divide the pressure to be transmitted, in lbs., by 160, and 
by the pitch in inches; the quotient will be the required breadth 
in inches. 

Rule VIII. — ^To find the proper circumference for a wheel; 
multiply the pitch by the intended number of teeth. 

R^LE^ IX.-f— To set out inmltUe teeth. In fig. 95 let Cj, Cg be 
the centres of two circular wheels whose pitch circles are Bj, Bg. 
Through the pitch-point, I, draw the intended line of connection, 
Pj Pg, making the angle C I P = ^ with the line of centres. This 
angle is usually about 75°. From Cp Cg, draw , 

CiPi = rC^ • sin ^, 07^ = I~C2 • sin fi, 

perpendicular to Pj Pg, with which two perpendiculars as radii, 
describe circles (caUed base circles), D^, Dg. The proportions of 
the triangles, C^ I Pj, Cg I Pg, are in 
practice nearly as follows : — 

65 : 63 t 16 i : I C : C P : I P. 

Make a circular mould of the figure of one 
of the base circles, D; wrap a cord round 
the edge of it; make fast one end of the 
cord, and tie a pencil or tracing-point to 
the other end; on unwrapping the cord, 
the point will trace the figure of a tooth 
for the wheel to which the base circle 
belongs. 

All involute teeth of the same pitch 
work smoothly together. 

To mark the path of contact of the teeth ; 

sin 6 f say = ^ pitch j, along 




Fig. 95. 



h.j off a distance equal to the pitch x 

P^ Pg in either direction from I. The distance of the tip of a tooth 
of either wheel from the centre of that wheel is equal to the dis- 
tance from that centre to the further end of the path of contact. 

The teeth of a rack, to work correctly with wheels having invo- 
lute teeth, should have plane surfaces perpendicular to the line of 
connection, and consequently making, with the direction of motion 
©f the rack, angles equal to the before-mentioned angle A 

The smallest possible nvmber of involute teeth in a pinion is the 
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go 

whole number next above 2.9- tan ^. When tan = ^^ that 

10 

number is 25, 

EuLE X. — ^To set out epicydoidal teeth. Make two moulds of 
the figure of the pitch-circle of the wheels one convex, the other 
concave. Make a circular disc called the describing cvrcUy with a 
tracing-point in its circumference; the usual size of the describing 
circle is such that its circumference is six times the pitch, and its 
radius therefore = pitch x 0*955. To trace the^aTife of the teeth, 
roll the describing 011*010 inside the concave mould; to trace their 
fa>ceSy roll it outside the convex mould. 

In &g, 96 let B B be the pitch-circle; C I C, part of a radius of 

the wheel; R, the describing circle 
when inside the pitch-circle; R', 
the describing circle when outside 
•the pitchrcirda On the circum- 
ferences of the vdescribiug circles lay 
off I D = I D' = the pitch; D will 
be the inner end of the flank of a 
tooth, and D' the outer end of the 
iJEice of a tooth. 

AU wheels having epicydoidal 
teeth set out with the same pitch 
and the same describing circle work 
accurately together. 

The smallest practicable pinion 
"having epicydoidal teeth is that 
the circumference of whose pitch- 
circle is twice that of the describing 
cirde. According to usual proportions, it has twelve teetiu Their 
flanks are I'adial straight lines. 

Rule Xi. — To set out ap- 
\B proodmate epicydoidal teeth; 

let p denote the pitch, n 
the number of teeth in the 
wheel 

In fig. 97 let B be the 
part of the pitch-circle, A the 
point where a tooth is to 
cross it. Set off A B = A 

«: |. Draw radii. of the pitch-circle, D B, E C Draw F B, G> 

making angles of 75^° with those radii, in which take 




Fig. 96. 




Fig. .97 



BF = 



p n 



% n-vW 



GG=f. 



n - 13 
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Round r, with the radius F A, draw the circular arc A H; this 
will be the face of the tooth. Round G, with the radius G A, 
draw the circular arc G K ; this will be the flank of the tooth. 
(See Willis On Mechanism.) 

4. Screws. — RuLB XII. — To find the advance of a screw corre- 
sponding to a given number of turns; multiply that number by 
the pitch (measured parallel to the axis, between corresponding 
points on two successive turns of the thread). 

Rule XIII. — Given, the pitch of a screw; to find the obliquity 
of the thread to the axis at a given distance from the axis; 
multiply that distance by 6*2832 (so as to find the corresponding 
circumference), and divide by the pitch; the quotient will be the 
tangent of the required obliquity. 

Rule XIV. — To find the norTnal pitch of a screw (measured 
perpendicularly to the thread) at a given distance, r, from the axis; 
let p be the pitch ; then 

Normal pitch = -^//--^^, 

Rule XV. — To make two screws of given numbers of threads 
and given cylindrical pitch - surfaces gear together; make the 
normal pitches of the screws proportional to their numbers of 
threads, and the angle between their axes equal to the sum of the 
obliquities of their threads, if both are right-handed or both left- 
handed ; or equal to the difference of those obliquities if one screw- 
is right-handed and the other left-handed. 

N.B. — The angular velocities of two jjearing screws are inversely 
as their numbers of threads. 

5. Pniieys and Bands (whether belts, cords, or chains). — Rule 
XVI. — ^To find the ratio of the speed of tiiming of two pulleys 
connected by a band. Measure the effective radii of the pulleys 
from the axis of each to the centre line of the band; then the 
speeds of turning will be inversely as the radii. 

Rule XVII. — To design a pair of tapering speed-canes, so that 
the belt may fit equally tight in all positions. 





Fig. 98. Fig. 09. 
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Case I. — Belt crossed (^g. 98). Use a pair of equal and similar 
cones tapering opposite ways. 

Case 11. — Belt uncrossed (fig. 99.) Use a pair of equal and 
similar conoids tapering opposite ways, and bulging in the middle 
according to the following formula: — Let e denote the distance 
between the axes of the conoids; r^, the radius at the larger end of 
each; r^ the radius at the smaller end; then the radius in the 
middle, Tq, is found as follows : — 






6 28 c 

6. u«kw«rk.— When two pins are connected together by a link 
or connecting-rod, to find their yelocity-ratio at any instant, use 
Rule X. of the preceding Section (see page 230), taking the centres 
of the pins as a pair of rigidly-connected points. 

When the points thus connected move in one plane, use E.ule 
VIII. of the preceding Section to find the instcmtaneoua axis of the 
link; the velocities of the connected points will be proportional to 
their perpendicular distances from that axis. Should the triangle 
formed by the connected points and their instantaneous centre be 
inconveniently large, proceed as follows : — 

Rule XVIII. — Draw any triangle having one side parallel to 
the line of connection or centre-line of the link, and the other two 
sides respectively perpendicular to the directions of motion of the 
connected points; the last two sides will be proportional to the 
velocities of those points. 

Example.— Cmw^ and Pistonr Rod, ^In fig. 100 let R T^ be a 

piston-rod; T^, its head; C To, a 
crank; Tg, the crank-pin ; T^Tg, 
the connecting-rod. Through Tj 
draw Tj K perpendicular to R Tj, 
and produce C Tg; the intersec- 
tion, K, of those straight lines 
will be the instantaneous centre 
of the connecting-rod; and if r, 
and Vg be the velocities of T^ and 
T2 Respectively, Vj^- v^i iKT^: 




Fig. 100. 



K Tg: — or otherwise; through C 
draw A perpendicular to R T^, 
and cutting the line of connection, Tj Tg (produced if necessary) in 
A. Then v^ iv^ : :G A : CT^ 

7. PamUei jxiotions.— RuLE XIX. — Givctt (in fig, 101), the line 
of motion, G D, of a piston-rod, the middle position of its head, B, 
and the centre. A, of a lever which, in its middle position, A D, is 
perpendicular to I) G; to find the radius of the lever, so that the 
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link connecting it with B shall deviate equally to the two sides of 
G D during the motion; also, the length of the link 

Make D E = :J stroke; 
join A E; and perpendicu- 
lar to it, draw E F cutting 
A D produced in P ; A F 
will be the required radius. 
Join F Bj this will be the 
link. 

BuLE XX. — Given, the 
data and results of Rule 
XIX.; also the point, G, 
where the middle position 
of a second lever connected 
with the same link cuts 
G D: to find the second 
lever, so that the two ex- 
treme positions of B shall 
lie in the same straight line, 
G B D, with the middle 
position. 

Through G draw a 




Fig. 101. 



straight line, L G K, perpendicular to G D ; produce F B till it 
cuts that line in L ; this point will be one end of the required 
second lever at mid-stroke, and F L will be the entire link. 
Then in D G lay off D H = G B ; join A H, and produce it 
till it cuts L K G in K ; this will be the centre for the second lever. 

When the two extreme posi- 
tions and the middle position 
of B lie in the straight line 
G D, the whole of its positions 
ai'e near enough to that line 
for practical purposes. 

Rule XXI. — Given (in fig. 
102), the main cent/re, A, the 
middle position of the mmn 
lever, A F, the piston-rod-head, 
B, and its length of stroke; the 
radius, A F, of the lever, and 
the Timm link, F B, having been 
found by Rule XIX. Let the 
figure represent those parts at 
mid-stroke; and let it be re- 
quired to construct a parallel 
motion consisting of a parallel- 
ogram, C E D F (in which C E = P D is called the pa/rdM bar, 
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and D E = F C the hack link), and a radius lever, or bridle, H E, 
jointed to the angle E of the parallelogram. 

Draw the straight line A B, cutting the back link D E in G ; 
then by Bule XX. find the lever H E, such that the middle and 
extreme positions of G shall lie in one straight line. 

(The point G shows where a pump-rod may, if convenient, be 
jointed to the back link). 

8. Bl«cks and Tackle.— RuLE XXII. — The ratio of the velocity 
of the /all of a tackle to the velocity of the moving block is equal 
to the number of plies of rope by which the fixed and moving 
blocks are connected with each other. 

9. PistoBB.— The a/rea of a piston is to be measured on a plane 
perpendicular to its direction of motion. The stroke of a piston 
moving in a straight line may be measured along the line of motion 
of any point in the piston ; when it moves in a circle the stroke 
is to be measured on the line described by the centre of the area. 

BuLE XXIII. — To find the volume svoept by a piston per stroke; 
midtiply the stroke by the area. 

Rule XXIV. — ^Two pistons have an invariable volume of fluid 
between them; to find the ratio of their velocities; take the 
reciprocal of the ratio of their areas. 

Section III. — Rules relating to Work at Uniform and 
Periodical Speed. 

1. Oeneral Principles.-— In a machine moving at an uniform 
speed the driving and resisting forces are balanced. If the speed 
is varied, but in such a manner that the variations are periodic, the 
mean driving and resisting forces during one period, or complete 
revolution, are balanced. The energy exerted is equal to the 
whole work performed; in the former case, at all times; in the 
latter, during any whole number of periods or revolutions. As to 
units of work, see page 103. 

2. Compntatioa of iForic Done* — To compute the quantity of 
work done : — 

Rule I. — ^When a weight is lifted to a given height : — ^multiply 
the weight by the height. 

Rule II. — When a body shifts through a given distance against 
a given force : — 

Case I. If the force is directly opposed to the motion (being a 
direct resistance), multiply the force by the distance moved; 

Case II. If the force is obliquely opposed to the motion; either 
resolve the^ force into a resistance directly opposed to the motion, 
and a lateral force perpendicular to the motion (see page 160, Rule 
VIII.), and multiply the resistance by the distance moved; or 
otherwise: — resolve the motion into a direct component opposed 
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to the entire force, and a transverse component at right angles to 
it, and multiply the entire force by the direct component of the 
motion. (In symbols, let F be the force, s the distance moved^ 
^ the angle of obliquity; then work done = F « cos $). 

RutE III. — ^When a rotating body turns through a given angle 
against a resisting couple of a given moment (see pp. 104, 161) : — 

Multiply that moment by the extent of turning in circular 
measure. (See page 102.) 

Rule IV.— When a piston moves against a pressure of a given 
intensity (see p. 103) : — 

Multiply that intensity by the volume swept by the piston. (See 
page 238, Rule XXIII.) 

Remark. — The unit of volume and unit of intensity should be 
adapted to each other, so that the product of their numbers may 
express units of work. For example : — 

Unit of Intensity. Unit of Volume. Unit of Work. 

Lbs. on the square foot. Cubic foot. Foot-pound. 

Lbs. on the square incL i ^?^ \ . * i do. 

^ ( X 1 m. X 1 m. J 

Lbs. on the circular inch, i , Cylinder 1 ft. ) ^ 

( long X 1 in. diam. J 
Kilo, on the square mitre. Cubic mitre. Kilogrammltre. 

3. €«iiipatatloii of Energy, Power, and Efllclencr. — (I.) When a 
given weight descends through a given height, or (II.) a given 
force drives a body shifting through a given distance, or (III.) a 
rotating body is driven by a couple of a given moment, or (IV.) 
a piston is driven by a pressure of a given intensity, the rules 
are the same as in the preceding Article; except that for resistance 
is to be put effort, or driving forcCy and for tvork done, energy exerted. 

For stored or potential energy, use the same rules, substituting 
possible for actual motions. 

Rule V. — To find the energy which must be exerted to make 
a machine perform a given motion at an uniform or periodical 
speed against given resistances. Find, by the rules of the preced- 
ing article, the quantities of work done during the given motion 
against the resisting forces, and add them together; the sum will be 
the total work done, to which the energy to be exerted will be equal 

As to Power, see page 104. 

Rule VI. — ^To find the EjfflcieTicy of a machine; distinguish the 
resistances, and the work done against them, into useful and waste- 
ful; then divide the useful work by the total work; the quotient 
will be the efficiency. 

Rule VII. — To find the efficiency of a train of machines; mul- 
tiply together the efficiencies of the elementary machines of which 
the train consists. 



240 



XACHHTES TSf GEHSBAL. 



4. C^aipatmtlMi mi ItotTteg F«roe. — Suppose a macliiiLe to be 
driyen against given reedetances by an effbrt or driving force applied 
at, and in the direetion of motion of, the driving point; and that it 
is required to fiad the effort which will maintain an uniform speed. 

Buufi VIII. — Find the energy to be exerted, by Rule V., and 
divide it by the «paoe moved through by the driving point; — or 
etherwiae: 

HuLE VIII. A. — Find, by the principles of mechanism (see Seo- 
tion I. of this part, pages 231 to 238), the ratios of the velocities 
of the several working points, where resistances are overcome, to the 
velocity of the driving point. Multiply each direct resistance by 
the velocity-ratio belonging to its point of application, and add 
together the products; the sum will be the required effort 

EEMABK& — ^This is called " reducing the resiHancee to ^ driving 
pointJ'* Rule VIII. A. may be applied to a machine capable of 
motion, though not actually moving; it is then called the "prin- 
dple of virtual velocities^ When only one resistance is overcome, 
the effort and resistance are to each other inversely as the velo- 
cities of their points of application. 

5. Fricti«K iM aiaehiMM.— RUI4E IX. — To calculate the resistance 
of friction to the sliding of two surfisices (when the pressure is not 
so great as to grind the surfaces, or force out the unguent), mul- 
tiply the amofumJb of the load, or direct pressure between the sur- 
faces, by the coefficient of friction. 

Explaruition of ike Table, — ^, angle of repose; /= tan ^, co-effi- 
cient of friction ; 1 :/= cotan ^, reciprocal of that co-efficient. 
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Wood on wood, dry,.....« 

„ soaped, 

Metala on oak, dry, 

»» »> "^^^ 

„ „ soapy, 

Metals on elm, dry, 

Hemp on oak, dry, ...; 

»» >» ''^S 

Leather on oak, 

Leather on metals, dry, 

>> j» "^^^ 

jt >i e^easy, 

., o»iy» 

Metals on metals, dry,... 

„ „ wet and clean, 

,, ,, damp and slimy,... 

Smooth sorfaces, occasionally greased, 

„ „ continually greased, 

„ „ best resolts, 

Bronze on lignum viUe, constantly wet. 
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14° to 26^° 

114^ to 2° 

264** to 31° 

i34<»toi44" 

114 
114"* to 14^ 

28° 

i84' 
tf to 194° 

294° 

20^ 

84° 
84*»toii4'' 

164° 

8° 

4° to 44" 

3° 
If to 2** 

3°? 



/ 



•25 to -5 
•2 to "04 
•5 to -6 
•24 to '26 

•2 
•2 to '25 

•53 

•33 

•27 to '38 

•36 
•23 
•15 

•IS to •« 
•3 

•07 to -08 

•05 

•03 to '036 

'05? 



1:/ 



4 to 2 

5 to 25 

2 to 1-67 

4-17 to 3-85 

5 

5 to 4 
189 

3 

37 to 2-86 

179 

278 

667 
6-67 to 5 

3*33 

7-14 
14-3 to 12-5 

20 
333 to 27*6 

^? 
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In order that the load may neither grind the siirfeces nor force 
out the ungaent of the bearings of machinery, the pressure is to be 
limited by the following rules; in which, by ao'ea of bearing is 
meant the product of the length and diameter of a cylindrical 
bearing; although the real area on which pressure acts is much 
smaller. , 

KuLE X. — Add 20 to the velocity of sliding in feet per minute, 
and divide 44,800 by the sum; the quoti^it will be the greatest 
proper intensity of pressure in lbs. on the square inch, with the 
further limitation that the intensity is in no case to exceed 1,200 
lbs. on the square inch. 

HuLE XL — ^To calculate the moment o/Jriction of an axle; 
multiply the resultant load by the radius of the axle, and by the 
sine of the angle of repose (which is sensibly equal to the co-efficient 
of friction). 

6. PaUer mmd StmF.— Let T^ be the tension at the tighter side of 
the strap, and T^ the tension at the slacker side, so that T^ — Tq 
is the force to be exerted between the strap and pulley; also let c 
be the are of contact between the strap and pulley^ in fractions 
of a circumterence, and/ the co-efficient of friction. 

Bulb XIL — Given, c, /, and the force T^ - T^; to find the 
tensions, greatest, least, and mean. Let N be the number corre- 
sponding to the common logarithm 2*73/ c; then 

T — T N 

^~2~ "■ 2 (N - 1) ^^^ ■" -"^ 

Kemabk. — ^Whether the calculation relates to driving belts or to 
strap-brakes, the co-efficient,/, should be estimated on the supposi- 
tion of the surfaces being oily; say 0*15 for leather on metal, and 
0-08 for metal on metal. 

7. Balancing nf MachineiT-— In a machine every piece which 
turns on an axis should, as fki* as possible, have its re-actions 
balanced. 

Rule XIIL— In order that there may be no tendency to shift 
the axis, arrange the weights that turn together about it so that 
their common centre of gravity shall be in the axis. (This 
constitutes a "standing balance,*') 

Rule XIY. — In order that there may be no tendency to turn 
the axis into varying directions; multiply each of the masses that 
turn together about the axis by its arm or perpendicular distance 
from the axis. Regard the products as representing forces, each 
pulling the axis towards the mass to which that product belongs, 

B 
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and arrange the masses so that the moments of those forces shall 
balance each other. 

BuLES XIII and XIY. are thus expressed algebraically. At a 
fixed point in the axis of rotation, let three planes fixed relatively 
to the rotating masses cut each other, at right angles; two inter- 
secting each other in the axis, and the third perpendicular to it. 
Let m be any one of the masses which rotate with one angular 
Telocity about the axis, and x^ y, z^ its distances from the -first, 
second, and third planes respectively. Then for a standing 
balance, make 

2 • w a = 0; 2 • 7W y = 0; 

and for a running balance, make also 

8. W«rk mt Tarlable Farce.— RULE XY. — To find the Work done 
against a varying resistance, or the energy exerted by a varying 
effort Construct a diagram in which intervals of the length, or 
base-line, shall represent distances, and breadths or ordinates shall 
represent forces acting through those distances. The area of the 
diagram (measured by the Hules of pages 64, 65, 66, 67) will 
represent the work done, or the energy exerted. The common 
trapezoidal Rule, D, page 67^ is usually accurate enough for this 
purpose. 

Remark. — If intervals of the length be taken to represent 
volumes swept through by a piston, and breadths ' to represent 
intensities of pressure (as in page 239), the area of the diagram will 
still represent work done or energy exerted. 

Rule XVL — To find the mean value of the varying force; 
divide the area of the diagram by its length, so as to find its m/ean 
bi'eadth; this will represent the required mean force. 

9. Beaistance •n litaea •€ liand-Carriai^e. — RuLE XYII. To 

find the resistance of a load drawn on a line of conveyance by land ; 
to the co-efficient of resisUmce on a level {/) add the sine of the 
inclination ( ^ ) if ascending (or subtract that sine if the inclination 
is descending); multiply the load by the sum (or difference). 
In symbols, let W be the load, R the resistance; then 

R = (/=!={) W. 

Values op the Co-i^pficxent op Resistance on a Level. 

I. Roads. — Let v be the velocity in feet per second; r, the radius 
of the wheels of the carriage in inches; then 

. a + h { v - 3-2 8) ^ . , 
/ = ^ ^- (Monn). 
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a. b. 
For good broken stone roads, -I T^°^ ,^ i -025 

For pavements,.. {^^^ .'g ^f 

Yalues of/, from experiments by Sir John Macneill, — 
Sandy and gravelly ground, '14; gravel road, '07; 
Broken stone road, from '03 to *02; pavement, '015. 
11. Railway 8* — Let V be the speed in miles an hour; then 

/= from -0027 to -004 ^1 + j^Y 

On cwrveSy add to the above value of yj 

3.3 
For carriages with parallel axles, — tt — . ^ ; 

For carriages with moveable axles, -—7: — ; — ^—. 
° radius m feet 

HuLE XVIII. — To calculate iYieprohaJble adhesion of a locomotive 
engine; multiply the weight which rests on the driving wheels by 

the co-efficient of adhesion f = about = j. In symbols, let E be 

the weigl^t of the engine, q the fraction resting on driving wheels; 

then 

<7 E 
Adhesion = about ^7— 

Ordinaby Values op q and ^. 

^ 7 

Na of Driving _ q 

Wheels. *" ^' 

T» • ( from "^1 '048 

Passenger engines, 2 |^ .^^ .^^^ 

Goo<i« engines, 4 jj^^ ij^ -g 

Do do all I'oo '143 

* Proportion of gross to net load in railway trains; goods, from 1^ to If ; 
minerals, from 1} to 2 ; passengers, about 3. Passengers without luggage 
weigh on an average about 15 or 16 to the ton; with luggage, about 10 to 
the ton. 
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Obdiitabt Weiohts of Locx)MonvE Engines.* 
Weights qf Engines with eepa/rate Tenders^ — 

(The Tender weighs ftom 10 to 15 tons.) Tone. 

Narrow gauge passeDger locomotives, six- ) tq to 2^ 

wheeled, with one pair of driving wheels, j " 3 
Da da do. unusually heavy, 24 to 27 

Broad gauge passenger locomotive, eight- 1 

wheeled, with one pair of driving wheels > 35 

8 feet in diameter, ) 

Goods locomotive, firom four to six wheels, \ 27 to ■?"» 

coupled, I 7 3- 

Weighte of Tank Engines, earring Fud and Water^ — 

TOXUB. 

For light traffic on branch lines, 12 to 20 

For heavy traffic on steep inclined planes, ) . ^ 

with from six to twelve wheels, J ^ 

Bulb XIX. — ^To calculate the greatest tractive /vree (P) of a 
locomotive engine ascending a given gradient Multiply the 
weight of the engine (E) by the sine of the inclination (i), and 
subtract the product &om the adhesion. In symbols, — 



-Q-<) 



In order that an engine may be able to draw a given load, P most 
be not less than B, (Bule XYI.) That is to say, on the ruling 
gradient, let £ be the weight of the heaviest engine, T that of the 
heaviest load drawn behind the engine; then 

g-<)E.(/.i)T. 

Hence the following rules : — 

Bulb XX. — Given, q, i,f; then T q 

7"* 

^E - 
EULE XXL— -Given, E, q, T,/; then i = ~7 ^^ 

E + T * 

• Proper weight of rails, in lbs. to the yard = 15 x greatest load on a 
driTu^ wheel in tons. 

Weight of a chair; common = 1 foot of rail; joint = irom 11 to li foot 
of raiL • * 
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Rule XXII. — To find the total work done hy a locomotive 
engine in a given time; multiply the reaistanee of engine and train 
as carriages by the distance run, for the net work; then multiply 
by about l^^ to allow for resistance of mechanism of engine. In 
symbols, let x be the distance run; then 

Total work = l^x (/=±= i) (E + T). 



SBcrrroN XTV. — Rules BELATnra to Varying Spjsed. 

1. Oeaenii Priiieipics.— An unbalanced force applied to a body 
produces change of momentum equal in amount to and coincident 
in direction with the impulse exerted by the forca Imptdse is the 
product of the force in absolute units (see page 104) into the time 
during which it acts in seconds. Momentum is the product of the 
mass of a body into its velocity in units of distance per second. 
The unit of mass is the mass of an unit of weight — such as a pound 
avoirdupois, or a kilogramme. A body receiving an impulse re-^iu^te 
against the body giving the impulse, with an equal and opposite 
impulse. 

2. AcccleralUn mad Retardati««. — ^RULE I. — To find what impulse 
is required to ptx)duce a given change in the velocity of a given 
mass; multiply the weight of the mass by the change in its velocity, 
in units of distance per second. 

(If the change consists in acceleration, the impulse must be 
forward; if in retardation, backward.) 

Rule IL — To find what energy/ must be exerted upon or taken 
away from a given mass to produce a given increase or diminution 
of its velocity; find the impulse required; divide it by the number 
of absolute units of force in the weight of an unit of mass, and 
multiply the quotient by half the mean velocity during the 
change; — or othenmse: multiply the weight of the mass by the 
change in the value of the lud/square of its velocity, and divide by 
the number of absolute units of force in the weight of an unit 
of mass. 

Remark. — Absolute units of force in the weight of an unit of 
mass; in British Measures (velocities being in feet per second), 
32 "2 nearly; in French Measures (velocities being in metres per 
second), 9*809 nearly. (See page 104.^ This constant is denoted 
^y 9* aiid sometimes called ^^grcmiy, 

* More exact formula for g, 

g^gi (1- 0-00284 cos 2 X) A - ^V 

in which gi = 32*1695 in British Measures, or 9*8051 in French Measnres; 
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Bulb III. — To calculate the actual energy of a moving ma&»; 
multiply its weight by the half-square of its velocity, and divide 

Buue rV. — ^To calculate what unbalanced effort, or unbalanced 
resistance, as the case may be, is required to produce a given 
increase or diminution of a body's speed, in a given time, or in a 
given distance. 

Case I. — If the time is given; multiply the weight of the mass 
by its change of velocity; divide by g, and by the time in seconds. 

Case IL — If the distance is given ; multiply the weight of the 
mass by the change in the half-square of its velocity, and divide by 
g, and by the distance. 

Rule V. — To find the re-^iction of an accelerated or retarded 
body ; find, by Rule IV., the force required to produce the change 
of velocity ; the re-action will be equal and opposite. 

Remark. — The momentum, energy, and re-action of a body of 
any figure undergoing translation are the same as if its whole 
mass were concentrated at its centre of gravity. 

3. HeTteted m^Omm md CenlrUtasal F«ree. — To make a body 
move in a curve, some other body must guide it by exerting on it 
a deviating force directed towards the centre of curvature. The 
revolving body re-acts on the guiding body with an equal and 
opposite centrijfugal force, 

■ ' Rule VI. — To find the deviating apd centrifugal force of a 
given mass revolving with a given velocity in a circle of a given 
radiu& Multiply the weight of the mass by the square of its 
linear velocity, and divide by the radius ; — or othenciae : multiply the 
mass by the square of its angular velocity of revolution (see page 
228), and mvUiply by the radius : — the result will be the value of 
the deviating and centrifugal forces in absolute units, which may 
be converted into units of weight by dividing by g. 

Remark. — ^The resiUtant centrifugal force of a rigid body of any 
shape is the same in amount and direction (though not the same 
in distribution) as if the whole mass were collect^ at its centre of 
gravity. 

Rule VII. — To find the height of a revolving pendtdum which 

makes a given number of revolutions per second; divide ,^ w by 
the square of the number of revolutions per second (Approximate 
values of .^-g, being the height of the pendulum, which makes 



X, latitnde of the place; obaervinff that when 2 X becomes obtnse, the term 
containing it is to be added instead of being subtracted; /t, height above the 
level of the sea; and B^ the earth's radius = 20,900,000 feet, or 6,37O,00Q 
metres, nearly. 
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one revolution per second; 0*815 foot = 9*78 inches = 0*248 
metre nearly.) 

N.B. — The heigM of a revolving pendulum is measured ver- 
tically, from the level of its centre of gravity to the -level of the 
point where the line of suspension cuts the axis of revolution. 

4. B«iatiB«' Bodies— Fly- Wheel*;— As to the nioinent of inertia, 
of a body turning about an axis, see pages 1 54» to 156. 

B.ULE VIIL — To 6nd the angvlar momemJtwm, of a rotating 
body; multiply its moment of inertia by its angular velocity in 
circular measure. (See page 102.) 

KuLE IX. — To find the actiud energy of a rotating body; 
multiply either its angular momentum by half its angular velocity, 
or its moment of inertia by the half-square of its angular velocity; 
divide the product by ^r, . • , 

KuLE X. — To find the moment of the couple required in order 
to produce a given dhange in the angular velocity of a rotating 
body, in the course of a given time, or of a given angular motion, 
as the case may be. 

Case I. — If the time is given; divide the change of angular 
momentum by g, and by the time in seconds. 

Case 11. — If the angular motion is given; divide the change of 
actual energy by the angular motion in circular measure. 

KuLE XI.— Given, the alternate excess and deficiency (A E) of 
energy exerted as compared with work performed in a machine; 
to find the moment of inertia of dbfly-whed^ such that the fluctuation 
of speed (or difference between the greatest and least speed) shall 

not exceed a given fraction of the mean speed (say — j. Let a be 

the mean angular velocity of the fly-wheel, I its required moment 
of inertia; then 

_^ w^ A E 
^" ~^ 

Ordinary values of m, from 30 to 60 nearly; of m g, in British 
Measui*es, from about 1,000 to 2,000. 

Table of values of the ratio of the alternate excess and deficiency 

of energy, A E, to the whole work per revolution, I F d 8, in. 
steam-engines of various kinds (Moriu). 

Non-Expansive Engines. 

Length of connecting rod 

Length of crank ^ ^ 

^'E-i-j'Pda = -los -iiS -125 -132 
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EZPAKSIYE CONDENSIKa ENGINES. 

Coimecting rod = crank x 5. 

Fraction of stroke at) i i 1 i i i 

which steam is cutoff/ 3 4 5 S 7 8 

aE+ JPcT* = •163 -173 -178 -184 -189 -191 

EXPANSmS NON-CONDENSENO EnOIKES. 

Steam oat off at ^ ~ _ _ 

3345 

AE-f-jPrf« = '160 -186 '209 '232 

For donble cylinder ezpatisiye etvgines, the yalae of the ratio 
^ E ^ / F ds may be taken as equal to that for single cylinder 

uon-expansiye engines. 

For tools toorking eU intervaia, snch as punching, slotting, and 
plate-cntting machines, coining presses, <&c., A E is nearly equal to 
the whole work performed at each operation. 

6, Faiiteg Bodieib— The following rules apply to a body falling 
without sensible resistance fix)m the air : — 

Rule XII. — To find the velocity acquired at the end of a given 
time; multiply the time by g. (See page 245.) 

Rule XIII. — To find the height of fall in a given time; multiply 

the square of the time by - g, 

BuLE XIV. — To find the height of fall corresponding (or "due") 
to a given velocity ; divide lihe half-square of the velocity by g. 

IluLE XV. — To find ihe velocity due to a given height; multiply 
the height by 2 ^, and extract the square root (or, in British 
Measures, multiply the square root of the height in feet by 8*025 
for the velocity in feet per second; or, in French Measures, mul- 
tiply the square root of the height in metrtjs by 4*429 for the 
velocity in metres per second). 

Table op Heiohts due to Velocities. 
ExpUmaiion of Symbols. 

V — Velocity in feet per second. 
h = Height in feet = v2 ^ 54.4, 

This table is exact for latitude 54°|, and near enough to exact- 
ness for practical purposes in all parts of the earth's surface. 
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V h V k 

27 11-320 54 45280 

28 i2'i74 56 48695 

29 13*059 58 52-235 

30 13*975 <5o 55*901 

31 14*922 62 59*688 

32 15*901 ,64 63*602 
32*2 i6-ioo 64*4 64*400 

33 16*910 66 67*640 

34 17*950 68 71*800 

35 19*022 70 76*087 

36 20*124 72 80*496 

37 21*257 74 85*029 

38 22*422 76 89*688 

39 23*618 78 94*472 

40 24*845 80 99*379 

41 26*102 82 104*41 

42 27*391 84 109*56 

43 28*711 86 114*84 

44 30062 88 120*25 

45 31*444 90 12578 

46 32857 92 131 '43 

47 34*301 94 137*20 

48 35*776 96 143*10 

49 37283 98 149*13 

50 38820 100 155*28 
52 41*987 

C. Bedaced Inertia. — RuLB XVL — To reduce the inertia or 
mass of a machine to the driving point Multiply the weight of 
each moving portion of the machine by the square of the ratio of 
its velocity to the velocity of the driving point; and add together 
the products; the sum will be the weight of the mass which, if 
concentrated at the driving point, would require the same force to 
produce a given change in its speed, in the course of a given time 
or of a given motion, that is required by the actual machina 



Section Y, — Strekqth of Machikeey. 

1. Shaftiu — See pages 226, 227 for the relations between 
greatest twisting moment, greatest working stress, and diameter. 
As to the twisting moment for which provision is to be made, 
regard must be had not merely to the mean moment transmitted by 
the shaft, but to the greatest m^mierU, 



I 


'OI553 


2 


'062II 


3 


•13975 


4 


•24845 


5 


•38820 


6 


'55901 


7 


•76087 


8 


•99379 


9 


1-2578 


10 


1-5528 


IT 


1*8789 


12 


2*2360 


^3 


2*6242 


14 


3*0435 


15 


3*4938 


i6 


3*9752 


17 


4-4876 


i8 


5*031 1 


19 


5*6056 


20 


6*2112 


21 


68478 


22 


7*5155 


23 


8*2143 


24 


8*9441 


25 


9*7050 


26 


10*497 
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EuLE XVII. — Given, the horse-power of the prime mover that 
drives a shaft, and the number of revolutions per minute; to find 
the msan ttnsting momerU: multiply the horse-power by 5250, and 
divide by the turns per minute; the quotient will be the mean 
twisting moment in foot-lbs.; which, multiplied by 12, will give 
inch-lbs. 

BuLE XVIII. — In a shaft driven by steam-power, given, the 
m6an twisting moment ; to find the greatest tioiating moment; 

If the shaft is driven by a single engine, multiply by i *6 

If by a pair of engines, with cranks at right angles, 
multiply by i*i 

If by three engines, with cranks at angles of ^ 
revolution, multiply by 1*05 

2. Bods. — PiOon-rods are to be treated as struts fixed at one 
end and jointed at the other. (See page 210, Rule XXIV.) 
Connecting-rods are to be treated as struts jointed at both ends. 
(See page 209, Rule XXIII.) 

3. Arma and Teeth •f WhecU. — RuLE XIX. — To find the 
greatest bending moment on an arm of a wlieel; divide the greatest 
twisting moment on the shaft by twice the number of arms. 

Rule XX. — To find the greatest pressure exerted on a tooth of 
a wheel; divide the greatest twisting moment on the shaft by the 
perpendicular distance from the axis of the shaft to the line of 
action of the teeth. 

As to the thickness of teeth, see page 233. 



Section VL — Musculab Power. 

1. Oeaenil Prineiplcs. — ^Let P be the effort exerted by an 
animal in performing work, V the velocity of the point at which 
the effort is applied, and T the time for which the efibrt P is 
exerted at the velocity V during a day's work; so that P V T is 
equal, or proportional, to the work done per day. Let P^, Vj, T,, 
be the values of P, V, and T, corresponding to the greatest day s 
work of the animal, P^ V^ T^. Then for values of P, V, and T, 
not greatly deviating mm P^, Vp and T^, we have 

P V T „ 
Pi "^ Tj "^ T, = ^^ 

80 that when any five of those quantities are given, the sixth may 
be found. 
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AnlmaJa Approximate Viilaes of 

P, V, T, 

Lbs. Ft per sec Miles per hour. Seconds. Houra 

Good average ) 
draught horse, / 
High-bred horse, 64 

Ox, 120 

Mule, 60 

Ass, 30 

2. Tables •fPerf«nnmnce«fH«r 

P, effort in lbs.; V, velocity, feet per second; T, hours' work per 
day; PV, work per second, in foot-lbs.; 3,600 P V T, work per 
day^ in foot-lbs. 

I. — WoKK OP A Horse against a known Resistance. 



3-6 


2| nearly. 28,800 


8 


7-3 

2-4 
3-6 
3-6 


5 » 28,800 

I -6 „ 28,800 

2^ „ 28,800 

2I „ 28,800 


8 
8 
8 
8 



-Explanation of Table I. : — 



Kind of Exertioa 



V 


T 


PV 


8,600 PVT 


Hi 


4 


4474 


6.444,000 


3-6 


8 


432 


12,441,600 


i^ 


8 
44 


300 
429 


8,640,000 
6,949,800 



1. Cantering and trotting, 

drawing a Ueht rau- 
way carriage (tnorough- 
bred), 

2. Horse drawing cart or 

boat, walking (draught 
horse), 

3. Horse driving a gin or 

null, walking, 

4. Ditto, trotting, 



imin. 224 ) 
mean 304 [ 
,ma^ 50 ) 



120 

100 

66 



Explanation of Table II. : — L, net load drawn or carried hori- 
zontally, in lbs.; Y, velocity, feet per second; T, hours' work per 
day; L Y, lbs. conveyed horizontally one foot per second; 3,600 
L Y T, lbs. conveyed hoiizontally one foot per day. 

II. — Performance of a Horse in Transporting Loads 
Horizontally. 



Kind of Exertion. 


L 


V 


t 


LV 


8,600LVT 


wavs loaded....... •• 


1,500 
750 

1,500 


3-6 
7-2 

2*0 

3-6 
7-2 


10 

4i 

10 

10 

7 


5,400 
5.400 

3i00o 

972 
1,296 


194,400,000 
87,480,000 

108,000,000 

34,992,000 
32,659,200 


6 Trottinff ditto 


7. Walking with cart, go- 
ing loaded, returning 
empty; V = 4, mean 
velocity, ........••• • 


8. Carrying burden, walk- 
ing, 


9. Ditto, trotting, 
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3. Tttklea •r WOTk •# Hea.— Explanation of Table I. : — P, effort, 
Iba; V, velocity, feet per second; T, hom-s' work per day; P V, 
work, foot-lbfl. per second; 3,600 P V T, work, foot-lbs. per day. 



I.— Work op a Man 


AGAINST 


' Known RESisrANCKSi 


KindofExerdon. 


P 


V 

o's 

075 
0-55 

013 
1*3 

0-075 

2*0 

S'o 

2 5 

I4'4 

7 


T 


PV 


a,«oopvT 


1. Raising his own weight up 

stair or ladder, 

2. Hauling ud weights with 

rope, and lowering the 
roT>e unloaded. t^.^TfTftttfttt 


143 

40 

44 

143 

6 

132 

26-5 

]i8q 

(20-0 
13*2 
15 


8 

6 
6 

6 

10 

10 

8 

8 
2mins. 
10 
8? 


72s 

30 
242 

18-5 

7-8 

9.9 

288 

¥ 


2»o88,ooo 

648,000 
522,720 

399,600 

280,800 

'356,400 
1,526,400 

1,296,000 i 

! 
I. t88.ooo i 


3. lifting weights by hand, 

4. Carrying weights up stairs, 

and returning unloaded,... 

5. Shovelling up earth to a 

hAicrhf. f\i R ft. !lin 


6. Wheeling earth in barrow up 
slope of 1 in 12, i horiz. 
veloc. 0*9 ft. per sec, and 
r«tumipg unloaded, - r 


7. Pushing or pulling horizon- 
tally (capstan or oar), 

8. Turning a crank or winch,... 

9. W^orkinfl' "nuniT* r»T- 


1 ( 1- TTAmm Anna --.--...,. 


480,000, 





Explanation of Table II. : — ^L, load conveyed horizontally, lbs. ; 
V, velocity, feet per second; T, hours' work per day; L V, lbs. 
conveyed horizontally one foot in a second; 3,600 L Y T, lbs. con- 
veyed horizontally one foot in a day. 

II. — P£BFOBMANCE OP A MaN IN TrANSPORTINO LoADS 

Horizontally. 



Kind of Exdrtion. 



L 


V 


T 


LV 


140 


5 


10 


700 


224 


1} 


10 


373 


132 


if 


10 


220 


90 


24 


7 


225 


140 


I* 


6 


223 


(252 





... 





^126 


117 


••■ 


1474-2 


( 


231 


•»• 






8,eOOLVT 1 



11. Walking unloaded, transport 

of own weieht, 

12. Wheeling load in 2-wheeled 

barrow: retumingunloaded, 

13. Ditto in 1-wh. barrow, ditto, 

14. Travelling with burden, ...... 

15. Oarryinff burden, returning 

unloaded, 

16. Carrying burden for 30 se- 

conds only, 



25.200,000 

13,428.000 
7.920,000 
5,670.000 

5,032,800 
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m. — ^Dat^s Wobk of a Mah reqiubed for various 
Operations. 

ShoTelling earth, one cubic yard, thrown not 

more than 5 feet vertically up; if dry, ........ from '05 to '0625 

Ditto, wet mud, „ '06 to 'oS 

Excavating earth with the pick, one cubic 

yard, „ -025 to -2 

Wheeling one cubic yard of earth in barrows 
from 100 to 120 feet horizontally; if up a 
slope at the same time, deduct 6 feet from 
horizontal distance for each foot of total 
rise, „ "05 to '0625 

Spreading and ramming earth in layers from 9 
to 18 inches deep, one cubic yard, „ '06 to '07 

Dressing slopes of cuttings, one square yard,.... about *oo8 

Soiling slopes, 6 inches ^ck, one square yard, „ '008 

Making clay puddle, one cubic yard, „ '3 

Spreading do., do., „ '3 

Quarrying rock of moderate hardness with 

wedges, average „ -4 

Quarrying rock of moderate hardness by blast- 
ing,* average „ -45 

Jumping holes in rock, 100 cylindrical inches, 

granite, from i*o to •$ 

Do. do. do., limestone, „ *2 to '15 

Driving mines in rock ; dimensions from 3^ feet 
X 3^ feet to 3^ feet x 5 feet; one foot for- 
ward „ 2*o to 5*0 

Quarrying rock in tunnels, one cubic yard, „ *75 to 3 o 

kaking one thousand bricks,.-... {^«^™«. o}? 

Mixing mortar by hand, one cubic yard, '75 

Mixing concrete, wheeling and laying, one 

cubic yard, '3 

Loading barrows with stone, one cubic yard,.,. '06 

Wheeling one cubic yard of stone 100 feet 
horizontally; if on an ascent, allow 6 feet 
of distance for each foot of rise, '045 

Unloading barrows of stone, one cubic yard,.... '03 

* Weight of rock loosened -4- weight of powder exploded = in small blasts 
from 7,000 to 14,000; averi^e 10.000 : in great blasts from 4^500 to 13,000 ; 
avera^ between 6,000 and 7,000. One lb. of blasting powder fills about 
30 cubic inches = 38 cylindrical inches. If gun-cotton be used instead 
of powder, allow one-sixth of the weight aiid one-half of the space. 



254 HACHiKES nr general. 

Stone Mmodit; BreaUiig Catting i>„n^:„v- Lftbonren* 

oneeobiojara. Stone. Btona Baflaing. ^^^^ 

Dry stone, '64 — - i-oo -50 

Coursed nibble, '64 — 'go -go 

Block-in- course, '90 1*5 "90 "90 

Do. arching, "90 2*25 ^90 "90 

Ashlar (soft f from 1*80 2*50 i-oo I'oo 

sandstone),.... ( to... 2*50 6*00 2*00 2*00 

Breaking and stone cutting for harder stones; 
hard sandstone = soft sandstone x 2. 
hard limestone, marble, granite = soft sandstone x from 3 to 4. 

Facing ashlar (soft sandstone), per square foot — 
stroked, '05; droved, '07; polished, •!. 

Curved facing = flat x ( 1+ — -j-. — ?—-—-]. 
V radius m leet/ 

Taking down old masonry, one cubic yard, from -5 to -6. 

Bricklayer. Labourar. 3^^ 

Brickwork, ordinary, one cubic yard, '6 '6 -2 

. ( various ; 

„ arcning and other curved work, *9 '9 ^depending 

(on oentering. 
„ in tunnels, about double of similar brickwork above 

ground. 

BnckUyer. Labourer. 

Laying and jointing drain pipes, one lineal 

foot, per in4:h diameter, '0025 '0025 

Sinking cylinders for foundations under water with compressed air; 
per cubic yard of earth removed, '67 

Sawing timber, one square foot; 

Pine and fir, fix)m '0045 *^ 'oo5 

Ash, elm, beech, mahogany, „ '0065 to -007 

Oak, „ -0075 to '009 

Teak, oi 

Shaping timber; pine -woods; one cubic 

foot, from '04 to '135 

Planing pine woods, per square foot, -013 

Boring hole | diameter, one lineal foot, in 

pine-woods, '02 

Do. do., in hard leaf- woods, '03 

* Supply of air should be at the rate of 30 cubic feet per man per minute. 



LABQUB. 255 

Oarpenter. Labourer. 

Erecting centres for arches; per 100 T from 1*55 75 

square feet area of soffit, (to... 1*70 '80 

Men's tbaoB, Boys' tima 

Rivetting iron ships; from 100 to 140 ) ^^ ^.^ ^^ ^.^ 

nvets, f "^ 

Making plank roads ; breadth planked, \ 

8 feet; total breadth, 16 feet; 1 lineal > i o 

foot, j 



PART VIII. 

HYDRAULICa 

SeCTIOK I.— HuLES BELATOrO TO THE FlOW OP WaTEE. 

1. Kcadi •r iTater.— Rule I. — To find the head of a particle of 
water; add together the hectd ofdeoalwn^ or height of the particle 
above some fixed or ''datum" level, and the liead of preasurey or 
intensity of the pressure exerted by the particle expressed as the 
height of an equivalent column of water. (See pages 103, 115.) 

In stating the pressure, it is usual not to include the atmospheric 
pressure ; so that the absolute pressure exceeds the pressure stated 
in the common way by one atmosphere. When the absolute 
pressure is equal to tiie atmospheric pressure, the pressure stated 
in the common way is = ; when the absolute pressure falls short 
of the atmospheric pressure, their difference is called vacuum. 

The atmospheric pressure, at the level of the sea, varies from' 
about 32 to 35 feet of water, ^nd diminishes nearly at the rate of 
1-lOOth part of itself for each 2^2 feet of elevation. 

In the rest of this Section, heads in feet of water will be denoted 
by A. 

2. T«iiiiiie and Tdveitf •f Ftow«— RuLE IL — To find the volume 
of flow of a stream; multiply the mean velocity by the sectional 
area. 

Rule III. — ^To find the mean vdocUy of flow of a stream; 
divide the volume of flow by the sectional area. 

Rule IV. — In a stream like a river channel the ratio of the 
mean velocity to the greatest velocity (which occurs at the middle 
of the stream) is nearly = 

greatest velocity + 771 feet per second 
greatest velocity + 10 '28 feet per second' 

The least vdodty, being that of the particles in contact with the 
bed, is nearly as much less than the mean velocity as the greatest 
velocity is greater than the mean. In ordinary currents the least, 
mean, and greatest velocities are nearly as 3 : 4 : 5; in veiy alow 
currents, as 2 : 3 : 4. 

In what follows, volume of flow in cubic feet per second will -be 
denoted by Q; the rnean velocity of a stream in fsA per seoond 
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by v; and the sectional area in aqua/re feet by A; so that Q = 
V A. 

3. Relation between Stead and Telocitf.— E.ULE Y ,—T7l£0retical 
/lead, hy due to a given velocity, v ; 

BuLE VL — Theorestical velocity y v, due to a given head, h; 

V = 8-025 sTK 

BuLE VII. — To find the loss of head, A, due to a given gam 
of vdocity in a stream; let the velocity of approach (or original 
velocity, at the point where the greater head is) be the fraction, n, 
of the velocity of discJia/rge ; let v be the velocity of discharge; and 
let F be 9kfa>cUyr of resistance (as to which, see next Article); then 

RtTLE VIII. — To find the velocity of discharge due to a given 
loss of head; 



. = 8025 ^ (nr^— .). 



E/EMABK. — n is the ratio of the s^tional area of the channel of 
discharge to that of the channel of approach. When those areas 
are equal, as in an uniform chanvei or an uniform pipe, 1 — w^ = 0; 
and then the formulae become 



» 4^;.. 8025 VI- 



4. Factors of ResUtance.— Yalues of F in Rules YII. and YIII. 
(1.) Friction of an orifice in a thin plate — 

F = 0-054. 

(2.) Friction of mouthpieceSf or entrances from reservoirs into 
pipes. — Straight cylindrical mouthpiece, perpendicular to side of 
reservoir — 

F = 0-505. 

The same mouthpiece making the angle ^ with a perpendicular 
to the side of the reservoir — 

F = 0-505 + 0-303 sin 3 + 0-226 sin^ tf. 

For a mouthpiece of the form of the "contracted vein" — ^that is, 

s 
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one somewhat bell-sbaped — and so proportioned that if c^ be its 
diameter on leaving the reservoir, then at a distance d -- 2 from 
the side of the reservoir it contracts to the diameter '7854 d, — ^the 
resistance is insensible, and F nearly = 0. 

(3.) Friction at sudden enlargements. — Let Aj be the sectional 
area of a channel, in which a sluice, or slide valve, or some such 
object, produces a sudden contraction to the smaller area a, followed 
by a sudden enlargement to the area A^. Let v in the formulae of 
Kules VII. and YIIL stand for the velocity in the second enlarged 
part of the channel, so that Q = A^ t;. Let 



«=t^\/(2-«i«-i-«^«S- 



Then 

F = (n - If. 

(4.) Friction in pipes and conduits. — Let A be the sectional area 
of a channel ; b, its border — that is, the length of that part of its 
girth which is in contact with the water; Z, the length of the 
channel, so that Z 6 is the factional surface ; and for brevity's sake 
let A -r 6 = m; then, for the friction between the water and the 
sides of the channel, 

' -^ A m' 
in which the co-efficient /has the following values: — 

0*0043 
For iron pipes (not pitch-lined)*.../ = 0*0036 + — j^=, 

^ J -x r i^fM^frA^ 0*00022r 

For open condiuts, /= 0*00741 + 

V 

The quantity m = A -f- 6 is called the ^^ hydraulic mean depth^ 
of channel, and for cylindrical and square pipes running full is one- 
fourth of the diameter. 

Rule IX. — To find the declivity {i) in an uniform channel of a 
given hydraulic mean depth {m); 

i^^^l'f-. 
I m 2 g' 

In an open channel this is an actual slope of the surface of the 
water. In a close pipe it may be a virttud declivity , due wholly or 
partly to diminution of pressure. 

* In iron pipes lined with smooth pitch the co-efficient of Miction is about 
one-sizth psurt less than in nnlined pipes. 

/ 
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(5.) For bends in circular pipes, let d be the diameter of the 
pipe; e> the radius of curvature of its centre line at the bend; e> the 
angle through which it is bent; «•, two right angles; then 

F=j;{ 0-131. 1-847(0^}. 

(6.) For bends in rectcmgula/r pipes, 

F = |{0-m. 3104(0^}. 

(7.) For knees, or sharp turns in pipes, let be the angle made 
by the two portions of the pipe at the knee; then 

6 

F = 0-946 sin2 - + 205 sin* -. 

E/ULE X. Summary of losses of head, — When several successive 
causes of resistance occur in the course of one stream, the losses of 
head arising from them are to be added together; and this process 
may be extended to cases in which the velocity varies in different 
parts of the channel, in the following manner : — 

Let the final velocity, at the cross-section where the loss of head 
is required, be denoted by v; 

Let the i-atios borne to that velocity by the velocities in 
other parts of the channel be known; n^ v beiug the "velocity of 
approach," n^ v the velocity in the first division of the channel, 
Wg V in the second, and so on; and let F^ be the sum of all the 
factors of resistance for the first division, Fg for the second, and so 
on ; then the loss of head will be 

h = g^;^ (1 - ri? + ¥^vl + F2WI + &c) 

5. Contraction of Slream — Co«efflcienls of lliacharge* — KULE XI. — 
To find the effective area of an outlet ; multiply the total area by a 
fraction called the co-efficient of contraction. 

For uniform streams there is no contraction, and the co-efficient 
isl. 

E.EMARK. — Sometimes it is impossible to distinguish between 
the e ffect of f riction in diminishing the velocity (expressed by 
1 4- tj I + F), and that of contraction in diminishing the area of 
the stream. In such cases the ratio in which the actual discharge 
is less than the product of the theoretical velocity and the total 
area of the orifice is called the co-efficient of effiux or of discharge. 

The quantities given in the following statements and tables are 
some of them real co-efficients of contraction, and some co-efficientai 
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of discharga In hydraulic formtiLB snch coefficients are usually 
denoted by the symbol c. 

CLS Sharp-edged circidar orifices in fiat plcUes; c — • 618. 

(2.) Sha/rp-edged reclangulcir orifices in vertical fiat plates, — In 
thik case the co-efficient is intended to be used in the following 
formula for the discharge in cubic feet per second, A being the 
area of the orifice in square feet; and h the head, measured from 
the cen^ of the orifice to the levd of still vxUer. 

Q = 8-025 cA JT. 

CO-EPFICIENTS OP DiSCHABGE FOR EeCTAKOULAB OrIFICES. 



Head. 




Height of Oriflce 4- 


Breadth. 






■r- 


I 


0-5 


025 


015 


o-i 


0-05 


BreadtlL 














005 


• .. 


... 


... 


... 




•709 


010 


• .. 


... 


... 




•660 


•698 


015 


... 


•.. 


... 


•638 


•660 


•691 


0'20 


... 


... 


•612 


•640 


•659 


•685 


025 


... 


... 


•617 


•640 


'^59 


•682 


0-30 


... 


•590 


•622 


•640 


•658 


•678 


040 


... 


•600 


•626 


•639 


•657 


•671 


050 


... 


•605 


•628 


•638 


•655 


•667 


o'6o 


•572 


•609 


•630 


•637 


•654 


•664 


075 


•585 


•611 


•631 


•635 


•653 


•660 


I -co 


'59^ 


•613 


•634 


•634 


•650 


•655 


150 


•598 


•616 


•632 


•632 


•645 


•650 


2 -00 


•600 


•617 


•631 


•631 


•642 


•647 


250 


•602 


•617 


•631 


•630 


•640 


•643 


350 


•604 


•616 


•629 


•629 


•637 


•638 


4-00 


•605 


•615 


•627 


•627 


•632 


•627 


600 


•604 


•613 


•623 


•623 


•625 


•621 


8-00 


•602 


•611 


•619 


•619 


•618 


•616 


IQ-OO 


•601 


•607 


-613 


•613 


•613 


•613 


1500 


•601 


•603 


•606 


•607 


•608 


•609 



(3.) Sharp-edged rectangular notches in fiat vertical weir hoards, 
— The area of the orifice is measured up to the level of stUl vxUer 
in the pond behind the weir. 

Let h = breadth of the notch ; 

B = total breadth of the weir; then 



c = -57 -t 



h 
10 B' 



provided h is not less than B .4- 4. 
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(4.) Sha/rp-edged triangidar or Y-shaped notches in fial vertical 
weir boards (from experiments by Professor James Thomson). — 
Area measured up to the level of still water. 

Breadth of notch = depth X 2; c = -595; 
Breadth of notch = depth X 4; c = '620. 

(5.) Pa/rtiaUy-contro/cted sharp-edged orifice. — (That is to say, an 
orifice towards part of the edge of which the water is guided in a 
direct course, owing to the border of the channel of approach partly 
coinciding with the edge of the orifice.) 

Lot c be the ordinary co-efficient; 

n, the fraction of the edge of the orifice which coincides with 

the border of the channel; 
c\ the modified co-efficient; then 

c' = c + -09 n. 

(6.) FUU or round-topped tveir, area measured up to the level of 
still water — 

e = '5 nearly. 

(7.) Sluice in a rectangular channel — 

vertical ; c = '07 ; 

Inclined backwards to the horizon at 60°; c = 0*74; 
„ „ „ at 45°; c = 0-8. 

(8.) Incomplete contraction. — Let A be the area of a pipe partially 
closed by a partition, having in it an orifice of the total area a 
and effective area c a ; then 

_ 'C18 



y'(i— 6i8|,) 



6. Diaclmrge firom Mnices and N^lclie*. — ^Let b be the breadth of 

the orifice ; Aq, the depth of its upper edge, and h^, that of its lower 
edge, below the level of still water in the pond ; c, the co-efficient 
of contraction (see last Article) ; Q, the discharge in cubic feet per 
second. 

BuLE XII. — Rectangular orifice — 

Q = 8 025 c X 1 6 (/*!* — Ao^) = ^ 35 c b (h^ — hj\ 

Rule XIII. — Rectangula/r notch, with a still pond; A^ = 0; h^ 
measured from the lower edge of the notch to the level of still 
water. 

Q = 8025 c X !& Ai* = 5-35 c6Ai' .= (3 05 + -535 |) b A^*. 
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Tabls of Values of c and 5 35 c. 

^,...M I'o 09 0-8 07 00 05 0-4 03 025 

e, -67 -66 -65 -64 -63 •62 -61 '60 '595 

5*35 c, 358 353 348 342 3*37 3'32 326 321 3-18 

The cvhe of the squa/re root of the head^ h^, is easily computed as 
follows, by the aid of an ordinary table of squares and cubes : look 
in the column of squares for the nearest square to h^ ; then op- 
posite, in the column of cubes, will be an approximate value 
ofAjf 

KuLE XIV. — RectcmguUvr notch, with current a/pproaching it, — 
When still water cannot be found, to measure the head h^ up to, 
let Vq denote the velocity of the current at the point up to which 
the head is measured, or velocity of approach : compute the height 
due to that velocity as follows: — 

then, 

Rule XV. — Triangrdar or Y-shaped notch, with a stUtpond; h^ 
measured from the apex of the triangle to the level of stUl water. 

Let a denote the ratio of the half-breadth of the notch at any 
given level to the height above the apex, so that, for example, at 
Qie level of still water, the whole breadth of the notch ia 2 a h^; 

Q = 8025 c X ^ o V = 4-28 c a h^i; 

and adopting the values of c already given, we have, 

for o = 1, Q = 2-54 h^i; for a = 2, Q = 53 h^i. 

For squares and fifth powers, see page 32. 

BuLE XVI. — Droumed orifices are those which are below the 
level of the water in the space into which the water flows as well 
as in that from which it flows. In such cases the diflerence of 
the levels of still water in those two spaces is the head to be used 
in computing the flow. 

EuLE XVII. — Droumed rectangtUar notch. — Let h^ and A^ be 
the heights of the still water above the lower edge of the notch at 
the up-stream and down-stream sides of the notch-board respec- 
tively; 

Q = 5-35 cb(h, + ^^y/{h,- Aj). 
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HuLE XVIII. — For iveira vnth hroadflat crests, drowned or un- 
drowned, the formulse are the same as for rectangular notches, 
except that the co-efficient c is about '5. 

Rule XIX. — Cmapntalion of tlie dimensions of orifices. — Most 
of the preceding forinulsB can be used in an inverse form, in order 
to find the dimensions of orifices that are required to discharge 
given volumes of water per second. 

For example, if Eule XII. is applicable, the breadth of the 
orifice is given as follows ; — 

6 = Q ^ 5-35 c (h^ — hf,i). 

If Rule XIII. is applicable, the depth of the bottom of the 
notch below still water is given by the equation, 

Ai= {Q-r-5'35cb}^. 

H Rule XV. is applicable, 

Ai= {Q- 4-28<ja}*. 

7. Dtocliarse of Watcr-Pipea.— RuLE XX. — To find the loss of 
head, h, in a length, /, of a pipe of the uniform diameter, d (all 
dimensions in feet); 

Rule XXL — To compute the disdiarge of a given pipe; the data 
being h, l, and d, all in feet. 

Assume an approximate value for 4 /. The uralue commonly 
assumed in the first instance is 0258. This ^ves, as a first 
approodm^ation to the velocity, 

v' = 8025 \/^JAl = 50 \/^; 
V -0258 Z V I 

or, a mean proportional between the diamvder and t?ie loss of head in 
2,500 feet of length. With this velocity calculate a new value of 
4/, which is to be used in computing a second approximation to the 
velocity, by means of the formula, 

t;=8025 A /M; 
V 4//' 

and this is in almost every case near enough to the truth for 
practical purposes. Then the dischai^e is given by the formula^ 

Q = -7854 V d?. 
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Bmx XXIL — To find {infect) the diameter do/ a pipe, so tfuU it 
shall ddiver Q etibic feet of water per second, with a loss of head cU 
the rate of h feet in each length of \ feet. 

Compute a fvrO. approximation to the diameter by the followiDg 
formula : — 



= 0-23 {^ 



^Q^ 



h) ' 

also 2i first approximation to the velocity by the fomiula, 

1/ = Q - -7854 ^2. 

From these data, by means of Rule XX., compute an approsci- 
mate loss of head, h'. If this agrees exactly or very nearly with the 
given loss of head, h, the first approximation to the diameter is 
sufficient ; if not, a corrected diamster is to be found by the follow- 
ing formula : — 

In the preceding formulce the pipe is supposed to be free from 
all curves and bends so sharp as to produce appreciable resistance. 
Should such obstructions occur in its course, they may be allowed 
for in the following manner : — Having first computed the diameter 
of the pipe as for a straight course, calculate the additional loss of 
head due to curves by the proper formula (Article 4, page 259); 
let h" denote that additional loss of head; then make a further cor- 
rection of the diameter of the pipe, by increasing it- in the ratio of 

1 + --- • 1 
^^ 5h 

By a similar process an allowance may be made for the loss of 
head on first entering the pipe from the resei-voir, viz. : — 

{l + F)v^ -T- Qi'i'yF being the factor of friction of the mouthpiece. 

The preceding rules are for clean iron pipes. In pipes coated 
with smooth pitch the friction is about one-sixth paH less. To 
allow for incrustation, add one inch to the diameter of all pipes. 

8. llincharge and l^lmensions of Channels. — RuLE XXIII. — To 
find the declivity, i, of the upper surface of the water in a channel 
of the hydi'aulic mean depth m; 

* = 7 = - ' FTa — K '^^7^1 + ) • oTa 

I m 04*4 \ V / o4'4 m 

RxTLE XXIV. — To compute the discharge of a given strea/m, the 
data being i, m, and the sectional area A. Assume an approximaU 
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value for the co-efl5cient of friction, such as/' = '007565; then 
the^^^ ctpproxvmcUion to the velocity is 



«• = 8-025>/;g^ = ^85l2im = 92-26 JJliT; 

or, a mean proportional between the hydrtmlic mean depth and die 
fall in 8,512 feet, A first approximation to the discliorge is 
Q' = 1/ A. ^ 

These first approximations are in many cases sufficiently accurate. 
To obtain second approxihiations, compute a corrected value of / 
according to the expi-ession in brackets in E;ule XXIII ; should 
it agree nearly or exactly with /', the first assumed value, it is 
unnecessary to proceed further; should it not so agree, correct the 
values of the velocity and discharge by multipl3ring each of them 

by the factor, I -;;5^. 

Rule XXV. — To detei^nine the dimensions of an uniform channel 
which shall discha/rge Q cubic feet of water per second with the dedivity 
i. Assume a figure for the intended channel, so that the propor- 
tions of all its dimensions to each other, and to the hydraulic mean 
depth 7/1, may be fixed. This will fix also the proportion A -r m^ 
of the sectional area to the square of the hydraulic mean depth, 
which will be known although those areas are still unknown; let 
it be denoted by n. 

Compute f/rst a^pproxvmations to the hydraulic mean depth and 
velocity as follows : — 



^'"" \8,512n2ij ;^'~M 



^2' 



from these data, by means of Rule XXIII., compute an approxi- 
mate dedivity^ i'. If this agrees exactly or very nearly with the 
given declivity, i, the first approximation to the hydraulic mean 
depth is sufficient; if not, a corrected hydrardic rneam, depth is to be 
found by the following formula : — 



m 



-'(^^)- 



From the hydraulic mean depth all the dimensions of the channel 
are to be deduced, according to the figure assumed for it. 

9. Swell and Backwater Prodnced bj a Weir. — When a weir Or 
dam is erected aci'oss a river, to calculate the height, ^, in feet, at 
which the wat«r in the pond, close behind the weir, will stand 
above its crest; Q being the discharge in cubic feet per second, and 
b the breadth of the weir in feet; 
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Rule XXVI. — Weir not droumed, with a flat or slightly rounded 

crest — 

:i2> 



^ = (7^2)* ^^earlj. 



Kttle XXVII. — Weir droumed, — Let h^ be the height of the 
Trater in front of the weir above its crest. 

First approximation; h\ = h^ + ( ^jo) ^- 

Second approximation; h"^ = h\ — Ag ( 1 — 7 . ^^—^i- )• 

KuLE XXVIII. — ^In a channel of uniform breadth and de- 
clivity — 

Let i denote the rate of inclination of the bottom of the stream, 
which is also the rate of inclination of its sm<face before being 
altered by the weir. 

Let \ be the natural depth of the stream, before the erection of 
the weir. 

Let \ be the depth as altered, close behind the weir. 

Let ^2 be any other depth in the backwater^ or altered part of the 
stream. 

• It is required to find x, the distance from the weir in a direction 
up the stream at which the altered depth ^j "^iU be found. 

Denote the ratio in which the depth is altered at any point by 
>-T- ^0 = ''i ^^^ 1^* ^ denote the following function of that ratio: — 

1 ^ 2r+l 111, 

^-^^arc. tan. -^ = ^ + ^+g^, nearly. 

Compute the values, f^ and ^g* of tbia function, corresponding to 
the ratios r^ = \^ \ and rg = Jg "^ V Then 

« = ^^^ + (i- 264) (^ - ,,) V 



The following table gives some values of p 

r P 

I'D 00 

II -680 

1*2 '480 

1*3 •37<5 

14 -304 

1*5 255 

1-6 -218 

n -189 



r p 

18 -166 



1*9 147 

2'0 '132 

2-2 -107 

24 089 

2-6 -076 

2-8 -065 

3*0 "056 



EMPTYING RESERVOIRS — WEIR— RAIN-FALL. 267 

10. Time of BmptTins a Kenerroir. — EULE XXIX. — Let Q be 

the rate of discharge at the outlet, supposing the reservoir kept 
constantly full, W, the whole volume of water in it. Then 

Time in Seconds = 

2 W 
Por a vertical-sided reservoir of uniform depth, -p-— 

For a wedge-shaped reservoir (triangular vertical ) 4 W 
sections; maximum depth of the sections uniform), j 3 q 

For a pyramidal reservoir (base at the surface, apex \ 6W 
at the outlet), j 5^ 

BuLE XXX. — To find the time required to eqiuilize the water- 
level in two adjoining basins with vei*tical sides; calculate the time 
required to empty a vertical-sided reservoir containing a volume of 
water equal to the volume transferred, and of a depth equal to the 
greatest difference of water-level between the basins. 

11. Cascade from a Weir-Crest.— RULE XXXI. — To find the 
horizontal distance to which the cascade of water from a weir- 
crest will shoot in the course of a given fall below that crest ; take 
once-and-a-third of a mean proportional between that fall and the 
height from the weir-crest to still water in the pond. 

12. Rain-Fall. 

Inches Cubic feet Gallons Cu^Icfeet Gallons Inches 

Depth of on on on a on a Depth of 

Bain-fal]. an acre. an acre. square mile. square mile Bam-falL 

1 3,630 22,635 2,323,200 14,486,314 I 

2 7,260 45,270 4,646,400 28,972,627 2 

3 10,890 67,905 6,969,600 43,458,941 3 

4 14,520 90^539 9,292,800 57,945,254 4 

5 18,150 113,174 11,616,000 72,431,568 5 

6 21,780 135,809 13,939,200 86,917,882 6 

7 25,410 158,444 16,262,400 101,404,195 7 

8 29,040 181,079 18,585,600 115,890,509 8 

9 32,670 203,714 20,908,800 130,376,822 9 
10 36,300 226,349 23,232,000 144,863,136 10 

For the conversion of cubic feet into gallons, and gallons into 
cubic feet, see page 109. 

An inch of rain 'per annum on am, acre is roughly equivalent to 
ten cubic feet per day. 

An inch of rain per annum on a aquan'e mile is roughly equi- 
valent X^ forty thousand gallona per day. 

Annual depth of rain-fall in difierent countries and seasons 
ranges from to 150 inches. 

In Britain, different seasons and districts, 15 to 100 and upwards. 

Ratio of available to total rain-fall on gathering-grounds; steep 
impervious rock, from 1*0 to 0-8; moorland and hilly pasture, from 
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'8 to -6; cultivated land, froia *5 to '4^ and sometimes less; 
chalk, 0. 

Greatest depths of rain in short periods : one hour, 1 inch ; four 
houi-s, 2 inches; twenty-four hours, 5 inches. 

13. Siakuitf •f Bed •f Stream.— Greatest velocities of the current 
dose to the bed, consistent with the stability of various materials : — 

Soft clay, 0-25 foot per second. 

Fine sand, 0-50 „ „ 

Coarse sand, and gravel as large as peas, 0*70 „ „ 

Gravel as large as French beans, i 'oo „ „ 

Gravel 1 inch in diameter, 2*25 feet per second. 

Pebbles 1 1 inch diameter, 333 „ „ 

Heavy shingle, 4-00 „ „ 

Soft rock, brick, earthenware, 4*50 „ „ 

Eock, various kinds,, { an7 upwards. " 

14. screastii •f Water-Pipes.— EuLE XXXII. — To find the least 
proper thickness of metal for a cast-iron pipe of a given bore, to 
bear a given pressure from within. 

First; divide the greatest pressure, in feet of water (see page 
103) by 12,000, and multiply the bore or internal diameter of the 
pipe by the quotient : secondly ; take a mean proportional between 
the internal diameter and one forty-eighth of an inch : the greater 
of those two quantities will be the required thickness. 

EuLE XXXIII. — To find the grecUest working pressure, in feet of 
water, which a cast-iron pipe will safely bear; multiply the thick- 
ness by 12,000, and divide by the internal diameter. 

The bursting pressure should be six times the working pressure. 

As to the weight of pipes, in lbs. to tJiefoot, see pages 149 and 153. 

EuLE XXXIV. — For the weight of one foot of a cast-iron pipe, 
in fractions of a ton ; multiply the difference of the squares of the 
outside and inside diameters by '00108. 

Afcmcet on a 9 feet length of pipe adds between one-tenth and 
one-twentieth to the weight. o^n^^^ ^^ ^^ 

15. Denrnnd for Water in Towns. per day. 

Used for domestic purposes (liberal supply) , 15 

Washing streets, extinguishing fires, supplying foun- 
tains (fee, 3 

Trade and manufactures, 7 

Total usefully consumed, 25 

Waste, under careful regulation, 2^ 

Total, under careful regulation, 27^ 

Additional waste, in some cases, 22^ 

Total in some cases, 50 
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Greatest hourly demand = from 2 to 2^ x average hourly 
demand. 

Demand as to head, 20 feet ahove house-tops (after deducting 
loss of head due to velocity and friction in pipes). 

Section II. — Eules relating to Hydraulic Prime Movers. 

1. deaerai Rmies.— HuLE I. — To calculate the total or groaa 
power of a fall of water. To the actual head, or depth of fall (from 
the surface of the head-race to the surface of the tail-race), add the 
height due to the velocity of the water in the head-race. (As to 
heights due to velocities, see pages 2^^, 249.) Multiply the sum 
■ (or total head) by the volume of the flow of water per second, and 
by the heaviness of water (62*4 lbs. to the cubic foot). The pro- 
duct will be the gross power in foot-lbs. per second. This divided 
by 550 gives the gross horse-power. 

Bjimark. — The dimensions of the head-race and tail-race are to 
be fixed by means of the principles of the preceding section, pages 
264, 265. 

RuL9 II. — To estimate the net or effective power of a fall of water ; 
multiply the gross power by the probable efficiency of the kind of 
prime mover to be used. That efficiency is a fraction ranging, 

for water-pressure engines, from 0-65 to 0*75 ; 

for overshot and breast wheels, from 0*7 to 0*8; 

for undershot wheels, from 0*4 to 0*6; 

for a drowned wheel, f of the efficiency of the same wheel 

not drowned; 
for turbines, from 0*6 to 0*8. 

Rule III. — The vdocUy q) greatest efficiency for a water-wheel 
is as follows : — 

Case I. — For wheels which act wholly by impulse, or partly by 
impulse and partly by weight, from 0*4 to 0*6 (or on an average 
one-half) of the velocity of the feed-water; 

Case II. — For turbines acting by pressure, the velocity due to 
half the head (that is, 0*7 of the velocity due to the whole head). 

In Cases I. and II. the surface- velocity is measured at the place 
where the wheel receives the water. 

Case III. — For re-action wheels, the velocity measured at the 
ovtlets to be that due to the whole head. 

Remark. — If the whole head is used to impel the feed-water (as 
in wheels which act wholly by impulse). Case I. of Rule III. de- 
termines the best speed for the wheel. If the wheel acts partly 
by impulse and partly by weight, and its velocity is given. Case I. 
determines how much of the head is to be used in giving velocity to 
the feed- water — viz., the head due to from 2^ to If, or an average, 
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to double of the mean speed of the wheel. For relations between 
head and velocity, see page 249. 

2. OTcnA«t audi Brcs«c whecb.— RuLE IV. — Diameter ofoverekot 
tehed = fall — head required for velocity of feed. Velocity of feed 
= 2 X velocity of outer surface of wheel. Ordinary velocity of 
outer surface of wheel = 6 feet per second; velocity of feed- water, 
12 feet per second; head for that velocity, about 2*25 feet. 

A breast wheel may be made of any greater diameter. 

KcLE V. — To find the dear breadth (l) between the crowYia (or 
flat rims of the wheel), called also the length of the buckets. 

Let Q be the volume of water, in cubic feet per second; w, the 
surface velocity of the wheel, in feet per second; r, the outside 
radius of the wheel; 6, the depth of shrouding ( = from 1 to 1*75 
foot); (all measurements in feet). The buckets are supposed to 
run two-thirds full. Then, 

3Q 



''^«'('-r,) 



BuLE VL — Other dimensions of buckets. Distance between 
their bottoms, measured on the sole (or inner circumference) = b. 
Opening between lip of bucket and front of the next bucket above 
— ^when the slope of the circumference of the wheel at the point 

where the water is fed to it is between 0** and 24**, - ; for steeper 

slopes, o X sin. slope. 

Rule VII. — To find the best positions for the guide-blades, 
between which the water flows on to the wheeL 

In fig. 103 let A B be a section of a bucket, B its lip. Draw 
/B the straight line B D H a tangent to the cir- 
cumference of the wheel ; and make B D ^ u, 
the surface velocity; and B H = 2 w. Draw 
D L parallel to a tangent to the lip of the 
bucket ; draw H C peipendicular to B H, 
cutting D L in C; join B C. 

Then B C represents the best velocity for 
the supply of water to the wheel; aud the 
middle outlet between the series of guide- 
blades is to be placed at the depth below the 
top water level in the penstock due to that 
velocity. 

Also, .^^ H B C will be the proper angle 
for the guide-blades of the middle outlet to 
make with the tangents to the circumference 
of the wheel at the points where they meet 




Fig. 108. 
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it, in order that the water may glide into the bucket without 
collision. The co-ejfficient of contraction for orifices between guide- 
blades is about c = 0*75; consequently the total area of the out- 
lets required for the flow Q, is given approximately by the 

2 Q 
formula, A = ^ — ; and this is to be provided by having a 

sufficient number of outlets before and behind the middle outlet. 

The positions of the guide-blades for these outlets are found as 
follows : — 

Take the depth of the narrowest part of each outlet below the 
topwater level of the penstock; compute the velocity due to that 
depth ; from B lay off distances, such as B K, B L, representing 
those velocities, so as to find a series of points, such as K, L, in the 
line D C L; then will ..c:! H. B K, .^ H B L, be respectively the 
proper inclinations to tangents to the wheel, for the guide-blades 
of outlets where the velocities are B K, B L ; and so on for other 
guide-blades. 

The formula gives a total area of outlet rather greater than is 
absolutely necessary ; but this is the best side to err on, as any 
excess of outlet can be closed by the regulator. 

Besides computing the area of the outlets between the guide- 
blades, the height of the topwater above the regulator, necessary to 
give the required flow Q, treating the regulator as an overfall with 
the co-efficient of contraction 0*7, should be computed by the for- 

h' z=z f V; and the depth of the upper edge of the 
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lowest guide-blade below the topwater level should be made not 
less than the height so found. 

3. Vndershot Wheels (PonceleU*).— EULE YIII. — {UmcU dimenr 
siona of whed and sluice.) 
Diameter = fall x 2, nearly. 
(The fall is measured from 
the topwater of the pen- 
stock to the centre of its 
outlet.) Depth of shrouding 
= ^ fall. Greatest depth of 
opening of sluice = | fall. 
To calculate breadth {b) of 
opening of sluice; let Q be 
the volume of water, in cubic 
feet per second; A, the fall 

in feet; then 6 = 7-,-. 

' 4 hi 

Rule IX.— To design the wheel-race. In fig. 104 draw H F G a 
tangent to the wheel^ with a declivity of one in ten. 




Fig. 104. 
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At the height y^ above H F G, draw K L to represent the 

upper sarface of the stream, meeting the circumference of the 
wheel at the point L. Then make the section of the bottom of 
the wheel-race fix)m G to F an arc of a circle, equal to G L, and 
of the same radius; that is, the outside radius of the wheeL 

From G to E the wheel-race is formed so as to clear the wheel 
by about 04 inch. 

Rule X. — To design theJlocUs: — 

In fig. 105 draw B to represent the direction and velocity of 
the stream of feed- water A, and B N 
a tangent to the circumference of 
the wheel at the centre of that 
stream; and fi-om C let fall CN 
perpendicular to B N. Make B D 

= ^ of B N, and join C D. This 

line will be parallel to a tangent to 

the lip E of the float. The rest of 

Y'jfT^ 105. the float may be made of the figure 

of a circular arc, touching a radius 

of the wheel at its inner edge. From two to three floats in the 

length of the arc L G (fig. 103) are in general a suflficient 

number. 

The effidency of this wheel is about -6 when not drowned, and 
'48 when drowned. 

4. VBdenihM DFkeel in wm Open Cnnrent. — ^Wheels of this class 
have their floats usually plane and radial, and fixed at distances 
apart equal to their depth. 

Rule XL — The following is the useful work per second of 
such a wheel; t; being the velocity of the current; u, that of the 
centre of a float; A, the area of a float, in square feet; and D, 
the weight of a cubic foot of water ; — 

R^. = 0-8^^^^^-^)^. 
9 

The velocity of the centres of the floats for the greatest efficiency 
is half the velocity of the current; and the efficiency at that speed 
is 0-4. 

5. Tnrbines. — ^RuLE XIL — For the vdodty of the jfeed'VxUer; 
in impulse turbines take the velocity produced by the whole head; 
in pressure turbines, the velocity produced by half the head. 

Rule XIIL — To find the proper obliquity of the guide-hladea to 
the receiving surface of the wheel; divide the volume of feed- 
water per second by the area of the receiving sui'face of the wheel 
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(diminished by -^ for contraction), and by the velocity of feed; the 
quotient will be the sine of the required angle. 

B.ULE XIV. — To find the proper obliquity of the JlocUs to the 
receiving surface of the wheel -, in impulse turbines proceed as in 
Rule X., page 272; in prestture turbines make the receiving ends 
of th6 floats perpendicular to the receiving suiface of the wheel 

B.ULE XV.— (In this rule the discharging surface of the wheel 
is supposed to be, as it ought, equal to the receiving surface.) To 
find the obliquity of the floats to the discharging surface of the 
wheel. In impulse turbines take the tangent of the obliquity of 
the receiving ends of the floats ; in pressure turbines take the tan- 
gent of the obliquity of the guide-blades. Multiply the tangent so 
found by the radius of the receiving surface of the wheel, and 
divide the product by the radius of the discharging surface. The 
quotient will be the tangent of the obliquity of the discharging 
ends of the floats. 

6. Re-actfon Wkeeis.— BuLE XVI. — To find the proper total 
area of orifices for a re-action wheel; divide the volume of water 
per second by the velocity due to twice the head. 

7. Kydraaiic Ram.— The following proportions for hydraulic 
rams have been found to answer in practice : — 

Let h be the height above the pond to which a portion of the 
water is to be raised; 

H, the height of topwater in the pond above the outlet of the 
waste clack ; s ^ ^ 

L, the length of the supply pipe from the 
pond to the waste clack; 

D, its diameter; then 

H = i;L = 2-8H = 0-UA; = 1=^4 

Let Q be the whole supply of water, in cubic 
feet per second, of which q is lifted to the height 
h above the pond, apd Q — q runs to waste at the 
depth H below the pond. Then the efficiency of 
the ram has been found by experience to have 
the following average value : — 

qh 2 , 

^ = 3, nearly. 

8. wiBdmill*.— Smeaton's proportions for sails. (See fig. 106.) 

AB = |aC;BC = |aC; BD = OE = gAC; CF=^AC. 

Angles oftvsaiher, or obliquities of the sail to the plane of rota- 
tion^ at difierent distances ^m the axis of the wind-shaft; 

T 
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Distance in sixths of A B,... 123456 

(first bar) (^^P) 

Angle of weather, 18° 19^ 18° 16"' i2°i 7° 

Best speed for tips of sails, 2*6 x speed of wind. 

Effective poioer, in foot-lbs. per second = 00034 Av^; where 
A = area of circle swept by sails, in sqiiare feet, and v = velocity 
of wind, in feet per second. 

Section III — ^Rules relatdto to PaopuLsioN op Vessels. 

1. Besiacance ^f TcMeia. — For relations between speed in feet 
per second and speed in knots, see pages 102, 114. 

BuLE I. — Given, the intended greatest speed of a ship in knots ; 
to find the least length of the after-body necessary, in order that 
the resistance may not increase faster than the square of the 
speed; take three-eighths of the square of the speed in knots for the 
length in feet (Scott Bussell's Rule). 

To fulfil the same condition, the fore-hody should not be shorter 
than the length for the after-body given by the preceding rule, and 
may with advantage be 1^ times as long. 

BuLE II. — To find the greatest speed in knots suited to a given 
length of after-body in feet; take the square root of 2| times that 
length 

BuLE III. — ^When the speed does not exceed the limit given by 
Bule II., to find the probable resistance in lbs.; measure the 
mean immersed girth of the ship on her body plan; multiply it 
by her length on the water-line; then multiply by 1 + 4 (mean 
square of sines of angles of obliquity of stream-lines). The product 
is called the av^mented surface. Then multiply the augmented 
surface in square feet by the square of the speed in knots, and by 
a constant co-eflGlcient; the product will be the probable resistance 
in lbs. (See also page 303). 

Co-efl6lcient for clean painted iron vessels, "01 ; 

„ for clean coppered vessels, '009 to -008; 

„ for moderately rough iron vessels, -Oil and upwards. 

Bule III. a. — For an approximate value of the resistance in 
well-designed steamers, with clean painted bottoms; multiply the 
square of the speed in knots by the square of the cube-root of the 
displacement in tons. For different types of steamers the resist- 
ance ranges from -8 to 1-5 of that given by the preceding calcula- 
tion. 

Bule IV. — ^To estimate the net or effective horse-pcywer expended 
in propelling the vessel; multiply the resistance by the speed in 
knots, and divide the product by 326. 
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Rule IV. a. — To estimate the gro88 or indicated Jwrse-power re- 
quired; divide the same pix)duct by 326, and by the combined 
efficiency of engine and propeller. In ordinary cases that eflGlciency 
is from '6 to -625 — average, say '613; therefore in such cases the 
preceding product is to be divided by 200. 

2. Thrust of Propellers.— EuLE Y. — To calculate the thrust of a 
propelling instrument (jet, paddle, or screw) in lbs.; multiply 
together the transverse sectional area, in square feet, of the stream 
driven astern by the propeller; the speed of that stream, relatively 
to the skip, in knots ; the real slip, or part of that speed which is 
impressed on that stream by the propeller, also in knots; and the 
constant 5*66 for sea- water, or 5-5 for fresh water. 

BuLE VI. — Given, the product of the velocity of advance, in knots, 
of a screw propeller as if through a solid (= pitch in knots x re- 
volutions per hour) into the slip of that screw relatively to the 
water in which it works (also in knots); required the product of 
speed and slip of the stream from the screw, for use in Bule V. 

Multiply the first product by 1 — —I -x . (This is a good 

^ '' ^ '' circumference ^ ° 

rough approximation when the circumference is between 1^ and 3^ 
times the pitch.) 

E/EMABE. — The speed of the stream driven astern by feathering 
paddles is sensibly equal to that of their centres; by radial paddles, 
to that of their outer edges. The gross power required to drive a 
radial paddle-wheel is greater than that required to drive a feather- 
ing paddle-wheel of equal thrust, in the ratio of 

f outer radius of wheel \ , 

^height of axis above watery' ^' 

3. nomeiit of SaiL— The centre of buoyancy of a ship is the 
centre of her immersed volume (found by the Kule of page 84, 
Article 7). 

E.ULE VII. — To find the height of a ship's metacentre above her 
centre of gravity. Divide the length of her load water-line into 
equal intervals, at which measure the half-hreadtlis at the load 
water-line. Cube each of those half-breadths; and regard the 
cubes as the ordinates of a plane figure having the length of the 
load water-line as its basa Find the area of that figure by 
Simpson's Rule (page 64.) Divide two-thirds of that area by the 
volume of water displaced by the ship. The quotient will be the 
height of the metacentre above the centre ofhtboyancy; from which 
subtracting the height of the centre of gravity above the centre of 
buoyancy, there remains the height required, called the metacentric 
height. 

EuLE VIII. — To find the rnoment of sail that a ship can bear; 
multiply together the metacentric height in feet^ the displace- 
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ment in tons, the factor 2240 (to reduce tHe tons to pounds), and 
the sine of the intended angle of steady hed; the product mil be 
the required moment in foot-lbs. 

Ordinary values of sine of angle of steady heel: ships, -07; 
schooners and cutters for trade or war, '105; yachts, '157. 

Rule IX. — To calculate the moment of a given set of sails. 
Multiply their area by the estimated intensity of pressure of the 
wind, and the product by the height of the cerub-e of effort of the 
sails above the cfftvtre of layered resistance of the vessel 

Remarks. — Sails are adapted to a vessel by so adjusting their size 
and figure that the results of Rule VIII. and Rule IX. are equal 
The pressure of wind to which the extent of canvass called "all 
plain sail" is usually adapted, is about 1 lb. on the square foot. 

The centre of effort above mentioned is the common centre of 
magnitude of the sails, found as in pages 83, 84. 

The centre of lateral resistance is at a depth below the surface 
of the water nearly equal to half the vessel's draught of water 
amidships. 

The equivalent triangle has for its base a line which usually ex- 
tends horizontally from the dew of the driver (or aftermost lower 
comer of the aftermost sail) to a point directly below the tack of 
the jib; — and for its height, three times the height of the centre of 
effort above its base (called the base of sail). 

Rule IX. a. — Given, the moment of sail, M, as found by Rule 
YIII., and, the base of sail, b; to find the height, % of the centre 
of effort above the base of sail ; also the area of saiL Let h be the 
height of the base of sail above the centre of lateral resistance; 

then« = A/ Iq-t-+ j) ^ oi and area = 1^ zb. 

Examples of length of base of sail -t- length of vessel on load 
water-line. Fore and aft rigged vessels, 1*9 to 1-6; square rigged 
vessels, 1*6 to 1*35; full-powered steamers, 1*0 to 0*5 (in steamers 
the base of sail usually has a gap in it over the engines and 
boilers). 

Rule X. — Direct pressure of wind in lbs. on the square foot 

. ^ (velocity of wind in knots)^ 
nearly - j^g . 

(See Shipbuilding y Theoretical arid Practical, by Watts, Rankine, 
Kapier, and Barnes.) 
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PART IX. 

HEAT AND THE STEAM ENGINR 

Section I. — Rules relating to the Mechanical Action of 
Heat, especially through Steam. 

1. TheniiodTiiainics.— As to measures of temperature, and of 
quantities of beat, see pages 105^ 106. 

Rule I. — To' find the quantity of heat required to produce a 
given rise of temperature in a given weight of a given substance; 
multiply together the rise of temperature, the weight, and the 
specific heat of the substance. (See Table, pages 278, 279.) 

Rule II. — To convert quantities of heat into egndvcUent quantities 
o/tvork: — 

Multiply by 

British Fahrenheit-units into foot-lbs. , 772; 

British Centigrade-units into foot-lbs. , ^^39©^ 

French units into kilogrammetres, 424 ; 

British units of evaporation into foot-lbs., 745,800; 

French units of evaporation into kilogrammetres, 227,300. 

The first three numbers are values of the dynamical equivalent 
of heat, often called "Joule's Equivalent," and denoted by J. 

Rule III. — To convert temperatures on the ordinary scales into 
absolute temperatures. (See page 105) : — 

In Fahrenheit's degrees, add 46 1°*2 

In Centigrade degrees, „ 27 4 •© 

In Er^aumur's degrees, „ 219 -2 

Fahr. Cent B^au. 

Absolute temperature of melting ice, 493°*2 274° 2i9°'2 

Atmospheric boiling point of water, 673*2 37.4 299*2 

(See Table, pages 280, 281, 282.) 

Rule IV. — To find the efficiency of a perfect heat engine, working 
between given limits of temperature; divide the difference or range 
between the limits of temperature, by the higher limit of ahsoliUe 
temperature. 

Remark. — The efficiency thus found is never fully realized by 
any actual heat-engine, but is approximated to in the course of 
improvement 
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Table of the Elasticitt op a Perfect Gasl 



EXPLANATION OF SYMBOLS. 

T. — ^Tempeiature, measured &om the ordinary zero. 
I. — ^Absolute temperature, measured from the absolute zero. 
P. — ^Pressure of a perfect gas in pounds avoirdupois on the square 
foot 

V. — ^Volume of one pound avoirdupois in cubic feet. 

PV. — Product of these quantities at any given temperature. 

PgVp. — ^Value of that product for the temperature of melting ica 
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BuLE V. — To find the total work in a heat-engine done by a 
given expenditure of heat; reduce the expenditure of heat to units 
of work (see Rule II., page 277), and multiply by the efficiency. 

Bemabk. — ^A quantity of heat equivalent to the total work 
thus found disappears; and the remainder of the heat expended 
is rejected. 

Rule VI. — To find the expenditure of heat in a heat-engine 
required in order to do a given total quantity of work ; divide by 
the efficiency, or multiply by its reciprocal; the product will be the 
required expenditure of heat expressed in equivalent units of work ; 
which may be reduced to units of heat by dividing by the proper 
co-efficient, as given in Rule 11. 

As to expansion hy heat, see pages 147, 148; also Tables, pages 
278 to 282. 

Rule VII. — To find the toted heat of evapora>tion of an unit of 
weight of water : the temperature of the feed- water and the boiling 
point being given. To the latent heat of evaporation of an unit 
of weight at the atmospheric boiling point (966 British Fahrenheit 
units, or 537 French units), add 1 for every degree that the feed- 
water is bdow the atmospheric boiling point, and 0*3 for every degree 
that the actual boiling point is above the atmospheric boiling point. 

To calculate the same quantity in units of evaporation, at the 
atmospheric boiling point, divide the result of the preceding calcu- 
lation by 966 for British Measures, or 537 for French Measures. 
(See Table of Factors of Evaporation, page 284.) 

Rule VIII. — To calculate the pressure of steam corresponding 
CO a given boiling point, or the boiling point corresponding to a 
given pressure. Let p be the pressure (absolute); t, the boiling 
point, in absolute temperaJtwre ; A, B, C, constants. Then 

1 . B C 1 //A - logjE? B2 \ B 

log;> = A - -^- - -,; - = ^[-—^ -^ IC^j - 2-C- 

Values of constants for steam, with common logarithms, and 
pressures in lbs. on the square inch, — 

A LogB. LogC. 20- -^^^ 

6-I007 3-43642 5*59873 0-003441 0-00001184 

For results, see Table, pages 285 to ^"^^ ; also plate at end. 

Rule IX. — Given, the volume of a pound of steam at a given 
pressure; to calculate the volume of a pound of steam at another 
pressure. The difference between the logarithms of the volumes 
is very nearly siooteen seventeenths of the difference between the 
logarithms of the absolute pressures; and the greater volume 
corresponds to the less pressure. 

This rule serves to find volumes of steam corresponding to pressures 
intermediate between those given in the Table, pages 285 to 288. 
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Rule IX. a. — {Fairhaim and Tatda Rvle!) — To calculate the 
volume of one lb. of steam at a given pressure. From the absolute 
pressure in lbs. on the square inch, subtract 0*35; divide 389 by 
the remainder; to the quotient add 0-41; the sum will be the 
volume of one lb. of steam in cubic feet, nearly. 

For relations between pressures, volumes, and temperatures of 
steam, see the left-hand diagram in the plate at the end of this 
volume. 

Rule IX. b. — To find the weight of steam required to fill a given 
volume at a given pressure; divide the given volume by the volume 
of one lb. of steam. 

Effect of Salt on Boiling-point, — Each 32d part by weight of salt 
in water raises the boiling-point V'2 Fahr. = 0°-67 Cent. Ordi- 
nary sea- water contains one-32d part of salt. 

2. Action of Steam in Cylinder. — RuLE X — To calculate the 
indicated power of an actual steam-engine from the capacity of 
cylinder, indicator-diagram, and number of revolutions per minute. 

From the indicator-diagram (as explained in page 242, Rules 
XV. and XVI) determine the mean effective pressure; multiply it 
by the effective capacity of cylinder (being the volume swept by the 
piston pet stroke), and by the number of revolutions per minute, 
for a single-acting engine, or twice that number for a double-acting 
engine ; the product will be the indicated power in Jbot-pounds per 
minute; which, being divided by 33,000, will give the indicated 
Juyrse-power* 

Remakk. — As to the adaptation to each other of the unit of 
intensity of pressure and the unit of volume swept, see page 239, 
Remark on Rule IV. 

Rule X. a. — Or otherwise: — Multiply the mean effective pressure 
by the area of piston, for the load; then multiply the load by the 
distance travelled by the piston per minute, for the indicated 
power in units of work per minute. (In single-acting engines 
forward strokes alone are to be reckoned in the distance travelled ; 
in double-acting engines both forward and return strokes, whose 
amount per minute is then called mean speed of piston.) 

Remark. — The effective or available power is usually about 8 
of the indicated power; that fraction being the efficiency of Hie 
fnechanism. 

Rule XI. — In a proposed steam-engine, to estimate the ratio in 
which the initial absolute pressure in the cylinder will be less than 
the absolute pressure in the boiler. Let v denote the mean velocity 

* When indicator-diagrams are taken for scientific purposes, the weather- 
barometer should be observed, in order that absolute pressures may be de- 
duced from the diagram ; which of itself shows only differences between the 
pressures of the steam and of the atmosphere. As to conversion of pressures, 
see pages 103, 115. 

U 
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A 

of the piston in feei per aecomd; — , the ratio in which the area of 

the piston is gi^eater than that of the steam-port of the cylinder; t, 
the absolute temperai/ure of the steam in Fahrenheit degrees; then 
the required ratio is nearly, 

f>8A« 

180 t a^ ' 

t7 A 

The velocity of the steam in the port, , should not exceed 

100 feet per second; and then the ratio hecomes 1 TonT 

-= 1 — _- nearly for Fahrenheit's scale, or 1 — — for the Centigrade 

scale. * Let « = 720*» Fahr. = 400** Cent ; then the ratio = 092 
nearly. 

Rule XII. — ^To calculate approximately the ratio \~^) ^^ 

which the vMan absoltUe pressure in a cylinder will probably be 
less than the initial absolute pressure at a given rate of expansion 
r. (When r exceeds 2, the accumulation of liquid water in the 
cylinder must be prevented by jacketing or by superheating; 
otherwise the economy due to expansion cannot be realized) 
Method 1. — (Nearly exact for dry saturated steam.) 

p^^ l7-16r-A 

(The quantity r ""^ may be computed by taking the reciprocal of 
r (called the effective cut-off), and extracting the square root /bur 
times.) 

For results of Method 1, see Table A, page 292; also the right- 
hand diagram of the plate at the end of the volume. 

Method 2. — (Steam moderately moist: — Absolute pressure x 
volume supposed sensibly constant.) 

/?ni_. l+hyp. log, r 
Pi r 

For hyperbolic logarithms, see page 14. For results of Method 2, 
see Table B, page 292. 

Kemare. — In ordinary practice, the difference between the 
results of those methods is so small, that the choice between 
them depends mainly on whether a table of squares or a table of 
hyperbolic logarithms is at hand. 
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Method 3.*— (See ^g, 107.) Draw a straight line C A B, in 
which make A B = 4 A C. Draw A D perpendicular to CAB; 
and about C describe the circular arc BD cutting AD in D. 

D E 
Then in D A take E, so that ^-^ shall 

represent the effecHve cut-off (and 

consequently =r^ the rate of expansion). 
U Jci 

At E draw E F parallel to A B. Then 

E P 

^ will be the required ratio of mean 

to initial absolute pressure, nearly. 

The results of Method 3 lie between 
those of Methods 1 and 2. ^ ^»S- 1^7. 

Rule XIII. — Given, the initial absolute pressure, the absolute 
back-pressure, and the rate of expansion; to calculate the mean 
effective pressure; multiply the initial absolute pressure by the 
ratio found as explained in Rule XII. ; the product will be the 
mean absolute pi*essurej from which subtracting the back-pressure, 
the remainder will be the required mean effective pressure. 

Absolute ba^ck-pressure in lbs. on the square inch; 

In non-condensing engines, from 15 to 18. 
In condensing engines, from 3 to 5. 

Rule XIV. — ^To allow for the effects of clearance on the expan- 
sion and pressure. Let c be the fraction expressing the ratio borne 

by the clearance to the effective cylindeivcapacity; -^, the actual 

cid-^ff, or fraction of the stroke during which the steam is admitted; 

-, the effective cut-off, or reciprocal of the rate of expansion. 



Then 



1 

r 
''TTc' 



and r = r" 



l+c 
1 + c/' 



From the real rate of expansion r, as above computed, calculate a 
value of the mean absolute pressure by Rules XII. and XIII. ; let 
it be denoted by pm : then the corrected mean, absolute pressu/re is 
as follows : — 

Case I. When there is no cushioning; p^m^Pm — c (pj-jPm); 
jPi being the initial absolute pressure; 

Case II. When steam enough is cushioned to fill the clearance 

at the pressure p^ ; p'm = -^ — ^^ 

* First published in the Engtmer for the 13th April, 1866. 
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Expansive Wobxing 




-Table A.- 


-Dry SaJtwrated Steam. 


!• 


_1 


*P« 


Pi 


a 


P3 




r 


Pi 


rpm 


jp« 


Pi 


20 


•05 


373 


•268 


536 


•186 


i3i 


•075 


3*39 


•29s 


393 


•254 


10 


•I 


314 


•318 


318 


•314 


8 


•125 


297 


•337 


270 


.370 


61 


•15 


278 


.360 


240 


•417 


5 


•2 


2*53 


•395 


1-98 


•506 


4 


•25 


2*33 


•429 


172 


•582 


3h 


'3 


216 


•463 


1-54 


•648 


2^ 


•35 


2 '02 


•496 


1-42 


•707 


2! 


'4 


1*89 


•529 


132 


•756 


2^ 


•45 


178 


•562 


1-25 


•800 


2 


•5 


1-68 


•596 


119 


•840 


\t 


•55 


1*59 


•630 


114 


•874 


•6 


150 


'666 


I'll 


•900 


i^ 


•65 


1-43 


700 


I -08 


'926 


li^ 


•7 


1-35 


740 


106 


•945 


i:i 


•75 


1-28 


778 


I -04 


•960 


I 


•8 


1*22 


•819 


I 02 


•976 


lA 


•85 


116 


•861 


i-oi 


•986 


»i 


•9 


i-ii 


•903 


1-005 


•995 




Table B.—Moderatdy Moist Steam. 




30 


•05 


4-00 


•250 


5-00 


•200 


i3i 


•075 


359 


•279 


372 


•269 


10 


•I 


330 


•303 


303 


•330 


8 


•125 


308 


•325 


2'6o 


•385 


6| 


•15 


2*90 


•345 


2-30 


•435 


5 


•2 


2-6i 


•383 


I 92 


•522 


4 


•25 


239 


•419 


1-68 


•59<5 


3| 


•3 


220 


•454 


1-51 


•66 1 




•35 


205 


•488 


1-39 


•717 


H 


•4 


1*91 


•523 


1-31 


765 


'i 


•45 


I -So 


•556 


124 


•809 


2 


5 


1*69 


'591 


118 


•846 


:i^ 


•55 


I -60 


•626 


114 


•878 


•6 


I -51 


•662 


i-io 


•906 


x^ 


•65 


1-43 


•699 


107 


•929 


I • 


•7 


136 


737 


105 


'950 


^i;; 


•75 


1*29 


777 


I -04 


'9^5 


I 


•8 


1-22 


•818 


I '02 


•978 


I^ 


•85 


ri6 


•860 


lOI 


•989 


li 


•9 


i-ii 


•905 


1-005 


'995 
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Explanation op Tables. — r, rate of expansion; -, effective 

cut-off; jpi, initial absolute pressure; pm mean absolute pressure. 

Rule XV. — To find the effective cylinder-capacity required for a 
proposed steam-engine. To the intended us^vl work per mimUe 
add an allowance (say oncifourth on an average) for resistance of 
engine; the sum will be the indicated twrk per minute. Divide, if 
the engine is single-acting, by the intended number of revolutions, 
or if double-acting, by twice the intended number of revolutions 
per minute, for the indicated work per stroke; which being divided 
by the intended mean effective pressure, will give the required 
effective cylinder-capacity. 

As to the units in which it will be expressed, see page 239. 

Divide the effective cylinder-capacity by the length of stroke; the 
quotient will be the area qf piston, 

3. Expenditure of Heat In the Cylinder and Eflleieney of the 
Steam. — E.ULE XVI. — To calculate the absolute pressure of release 
(jPg) (that is, the absolute pressure at the end of the expansion); 

Case I. — Dry saturated steam, 

/^2 = jPi »• " ^^ ; 

or otherwise : in the left-hand diagram of the plate find the volume 
corresponding to p^; multiply it by r for the final volume, and 
find the corresponding pressure from the diagram. 

Case IL — Moderately moist steam; divide the initial pressure 

by the rate of expansion (that is, vasikep^ ~ )• 

BuLE XVIL — To calculate the intensity of a pressure {p^^ 
equivalent approximately to the rate at which heat is expended in 
the cylinder. Find p^ as in E>ules XII. and XIII., and p^B&m 
Rule XVI.; then 

In condensing engines, Pf, = p^ + ^^ P29 
In non-condensing engines, p^ = Pm + ^^ P29 

These results are correct to about one per cent. 

HuLE XVIIL — ^To calculate the efficiency of the steam. Let p^ 
be the back pressure, and p, = p^ — p^ the mean effective pressure, 
found as in Rule XIII. Then 



Efficiency of steam = — = 



P^ -■ 



Pk P^ + 15 or 14;?2 
BuLE XIX. — To find the expenditure of heat in the cylinder in a 
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given time; either multiply the indicated work in that time by the 

reciprocal of the efficiency, — ; or multiply the volume swept by 

P4 
the piston in the same time by p^,. 

The result is expressed in units of work, which may, if required, 
be converted into ordinary units of heat, or into units of. evapora- 
tion, by dividing by the proper co-efficient as given in Kule IL, 
page 277. For practical purposes units of evaporation are the 
most convenient 

Rule XIX. a. — For the effect of clearance on the expenditure 
of heat; calculate the expenditure of heat as if there were no 
clearance; then, — 

Case I. — If there is no cushioning, multiply by 1 + c. 

Case IL — If there is cushioning sufficient to fill the clearance 
with steam at the absolute pressure p^; divide by 1 + c r'. (See 
Rule XIV.) 

Remarks. — The result of the preceding calculations includes not 
only the heat required to produce the steam, but the additional 
heat required to prevent it fix)m condensing to any considerable 
extent in the cylinder. 

The following are rules for obtaining exactly, by the aid of the 
Table at pages 285 to 288, some of the results to which approxi- 
mations are given by the preceding rules of this and the previous 
Article : — 

One lb. of steam is supposed to be admitted to the cylinder at 
the temperature T^; then expanded, until its temperature falls to 
Tg, being maintained by the aid of jacketing in the state of dry 
saturation; and then discharged against a back pressure equal to 
the final pressure. 

The numbers 1 and 2 denote quantities in the Table correspond- 
ing to the temperatures 1 and 2 respectively. 

Rule A. — ^Work of one lb. of steam, Uj - Ug. 

Rule R — ^Expenditure of heat, in units of work, XJi — XJg + Hg 
— h; the value of h being that corresponding to the temperature 
of the feed-water. Of this heat, H^ — A is expended in producing 
the steam, and the remainder in preventing condensation in the 
cylinder. 

4. ExpencUtnre of Water.— RuLE XX. — ^To find the net weight of 
feed-wcUer required per stroke; divide the total cylinder-cs^jacity 
by the volume of one lb. of steam at the pressure of release {p^^, as 
found by means of Rule IX., page 283, or IX A., page 289; or of 
the Table, pages 285 to 288; or of the left-hand diagram in the plate. 

Rule XX. a. — For a rough approximation to the net weight of 
feed-waiter per stroke, correct to 10 per cent., and erring on the safe 
side; multiply together the absolute pressure of release and cylinder- 
capacity so as to get the product in foot-lbs., and divide by 
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50,000. For the approximate net voIutm in cubic feel per strokcy 
divide the same product by 3,000,000. 

Another rough approximation to the net weight of feed- water in 
a given time is to take the expenditure of heat on the steam (Rule 
XIX.) in units of evaporation. 

E.ULE XXL — For. the gross feed-vxiter, multiply the net feed- 
water, 

If the supply is pure water, by 2; 

If ordinary fresh water, by 2^; 

If sea- water, and the brine is to be discharged at n times 

2 n 

the saltness of sea-water, multiply by — — ^. 

Values of 71, 3 2^ 2. 

-^^ feed-water, 3 3^ 4. 

Rule XXII. — In a condensing engine, to calculate the n^rf 
«?ei^A^ of condensation-water per stroke; from the expenditure of 
heat, in units of work per stroke, subtract the indicated work per 
stroke; the remainder will be the rejected heat, in units of work per 
stroke, which is to be divided by 35,000 for British Measures, or 
10,600 for French Measures, to give the required weight in lbs. 

For ci^bic feet per stroke, divide the rejected heat in foot-lbs. by 
2,200,000. 

Rule XXIII. — For the gross supply of condensation-water, 
multiply the net supply by 2. 

Section II. — Rules relating to Furnaces and Boilers. 

1. Fuel. — Rule I. — To estimate the tfieoretical evaporative power, 
that is, the total heat of cmnbustion of fuel, in units of evaporation 
(see page 277), per unit of weight of fuel, from the chemical analysis 
of the fuel. Distinguish the constituents into carbon, hydrogen, 
oxygen, and refuse, expressing the quantity of each as a fraction of 
the whole weight analyzed. Let C, H, and O be the fi-actions for 
carbon, hydrogen, and oxygen respectively. Then, 

Theoretical evaporative power =150 + 64 (H — —j. 

Rule II. — Net weight of air chemically necessary for the com- 
plete combustion of an unit of weight of fuel; 



12 + 36 



(--§)• 



In most furnaces some additional air is required to dilute the pro- 
ducts of combustion, thus increasing the supply of air required in 
the ratio of 1^ : 1 or 2 : 1. 
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Examples of Theobetical ETAPOBATiyE Powers of Fuel. 

Carbon, 15 

Hydrogen, 64 

Various Hydrocarbons, from 20 to 22^ 

Charcoal and Coke, „ 12 to 14 

Coal, best qualities : — Anthracite, 15 

„ „ Bituminous, from 14 to 16 

„ „ Oxygenous, about 13^ 

M » Brown, „ 12 

Peat, absolutely diy, „ 10 

Wood, do., „ 7i 

Bad qualities of coal from a given coal-field,'about | of the best 
qualities. 

Rule III. — To estimate roughly the efficiency of a furnace and 
boiler (being the ratio of available to total heat). ^ 

Case I. — Draught produced by a chimney : — Divide the intended 
number of square feet of heating surface per lb. of fuel per hour by 
the same number + 0-5 : eleven-twelfths of the quotient will be the 
probable efficiency of the furnace, nearly. The following are 
examples : — 



Sqnarefeet 

heaunf surface 

per lb. fuel 

per hour. 



Small heating surface,. o -50 

'0-75 

Ordinary heating surface in 
tubular boilers, 



Water-tube 
boilers, ... 



and cellular 



I 00 
125 
I 50 

2-00 
300 

6-00 



Efficiency 

of 
Fumaoeu 



0*46 

o-6i 
065 
0*69 

073 
079 
0-84 



Available heat 
per lb. coal, 

if total heat is 
134 units of 

ETaporation. 

6*21 

7 43 
824 
877 
9-31 
985 
10 -66 

11-34 



The efficiency of a furnace is liable to be diminished by from '2 
to '5 of its proper value through unskilful firing. 

Case II. Draught produced by a blast pipe or by a fan; put 0*3 
in the divisor instead of 0*5. 

KuLE IV. — To estimate the available heat of combustion of fuel ; 
multiply the total heat of combustion by the efficiency of the 
furnace. 

BuLE V. — To estimate the probable expenditure of fuel in a 
given time required in a given steam engine. 

Estimate the expenditure of heat by Rule XIX. of the preced- 
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ing section, page 294, and divide it hj the available heat of combus- 
tion of an unit of weight of the fuel. 

' 2. Dimeiuloiis of Fnmaces and Boilers and their Fittings. — AiVa 

of fire-grate; in furnaces with chimney draught, from -1 to -04 
square foot per lb. of fuel burned per hour. 

Area of fire-grate; in furnaces with draught forced by blast- 
pipe or otherwise, from '04 to -01 square foot per lb. fuel per 
hour. 

Heating surface; see preceding Article. 

Sectional a/rea of fiuea or tvhea from f to i of area of grate; area 
of chinmey, about tV area of grate. 

Capacity of boiler; steam and water space = heating surface x 
from 3 feet to 1^ foot in stationary cylindrical and Sue boilers; 
from 1 foot to -5 foot in tubular boilers, stationary or marine; and 
about -1 foot in locomotive boilers and water-tube boilers. 

Gapo/city of furnace, flueSy and tvhea = area of grate x from 6 to 
8 feet. 

Area of air-holes above level of grate = about uV area of 
grate. 

Pitch of boiler stays, from centre to centre ; in marine boilers, 
from 12 to 18 inches; in locomotive boilers, 4 or 5 inches; work- 
ing tension, 3,000 lbs. on the square inch. Working tension on 
boiler shdlsy from 4,500 to 6,000 lbs. on the square inch. As to 
strength of flues, see page 211, 

Area of safety valve, — Eule. — Multiply the greatest weight of 
water to be actually evaporated in lbs. per hour by '006 ; the pro- 
duct will be the required area in square inches. 

Brine refrigerator for marine boilers : surface of tubes should if 
possible be ttj square foot per lb. of brine blown off per hour (from 
i to i of gross feed- water). 

Injector, — Sectional area of narrowest part. Rulr — Divide the 
gross feed-water to be supplied in cubic feet per hour by 800, and 
by the square root of the pressure of the steam in atmospheres; 
the quotient will be the required area in square inches. For 
circular inches, divide by 630 instead of 800. 



Section III.— Various Dimensions op Engines. 

1. €oBdenser»— Pmnps.— (7(077imo7i condenser, from ^ to ^ capacity 
of cylinder. 

Injection sluice; find the gross volume of condensation- water by 
Rule XXIII., page 295; divide by 1,620 feet; the quotient will 
be the area in square feet. 

Air-pumpy single-acting, for common condenser; from J to i 
capacity of cylinder. Valves and passages of such size that speed 
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of fluids passing through shall not exceed 12 feet per second. 
Double-acting air-pump may be half the capacity. 

Feed-jnimpa depend for their capacity on gross supply of feed- 
water (see Bule XXL, page 295) ; and cold vKUer pumps on the 
gross supply of condensation-water. (Rule XXIII. , page 295.) 
Jirine-pumps for boilers fed with salt water, from ^ to ^ of capacity 
of feed-pumpsw 

Surface condenser, from 2^ to 5 square feet surface per indi- 
cated horse-power; air-pump, if single-acting, ^ capacity of 
cylinder. 

2. Steani-paMaKea and Talre-pmrts to be of SUCh area that velocity 
of steam shall not exceed 100 feet per second. 

3. »iide-Taire Qcaring. — By the angular advance of the eccentric 
is to be understood the angle at which the eccentric radius stands 
in advance of that position which would bring the slide-valve to 
mid-stroke when the crank is at its dead-points. 

'Rule I. — Given, the positions at the crank at the instants of 
admission and cut-off; to find the proper angular advance of the 
eccentric, and the proportion of the lap on the induction-side to 
the half-travel of the slide.* 

In fig. 108 let A B and A C be the positions of the crank at 
the beginning and end of the forward stroke ; let the an-ow show 
the direction of rotation; let X a? be perpendicular to B C; let 
A D be the position of the crank at the instant of cut-off, and 
A E its position at the instant of admission. Draw A F, 
bisecting the angle E A D ; A F will represent the position of the 
crank at the instant when the slide is at the forward end of 
its stroke; and FAX will be the angular advance of the 
eccentric. 

Lay off the distance A F to represent the half-travel ; and on 
A F as a diameter describe the circle A H F G, cutting A D in 

G and A E in H ; then -^-^ = j^ will be the required ratio of 

lap ait the induction-side to Jialf-t/ravd ; and A G = A H will 
represent that lap, on the same scale on which A F represents the 
half-travel. 

On the same scale, I K represents the width of opening of the 
valve ai the beginning of the stroke, sometimes called the "too? of 
the slide,** Strictly speaking, this is the lead of the induction-edge 
of the slide only; the lead of the centre of the slide being A K; 
that is, its distance from its middle position at the beginning of the 
forward stroke. 

* The method used in this and the following rules is that of Professor Dp. 
Zeuner, of the Swiss Federal Polytechnic School at Ziirich, published in his 
treatise on Slide-valve Gearing, entitled, Die Schiebersteuerungen, 
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Rule IL— Given, the data and results of the preceding rule, and 
the position, A M, of the crank at the instant of release; to find 
the ratio of lap on the eduction-side to half-travel, and the position 




of the crank when cushioning begins. Produce F A to L, making 

AL = AF; onAL asa diameter draw a circle cutting A M in 

AN 
N : then -. — =- will be the required ratio of lap cut eductiorirside to 

J^ JLj 

half-travel. 

About A draw the circular arc N P, cutting the circle A L 
again in P; join A P; then A P will be the required position of 
the crcmk aJb the instarU when cushioning begins. 

KuLB III. — Given, the data and results of Rule I., and the 
position, A Q, of the crank at the instant of cushioning; to find 
the ratio of lap at the eduction-side to half- travel, and the position 
of the crank at the instant of release — produce F A as before; 
onALssFAasa diameter draw a circle cutting A Q in P : 
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A P 

~|. will be the required ratio of lap at the edtiction-side to half' 

travd. 

About A draw the circular arc P N, cutting the circle A L 
again in N; join A N: A N will be the posdtion of the crank at 
the instant of release. 

EuLB IV. — Given, the angular advance of the eccentric, the 
half- travel of the slide, and the lap at both sides; to find the 
positions of the crank at the instants of admission, cut-off, release, 
and cushioning. Draw the straight lines BAG and X A a; per- 
pendicular to each other; and take B and G to represent the dead 
points. Let the arrow denote the direction of rotation. Draw 
F A L, making the angle F A X = the angular advance of the 
eccentric ; and make A F = A L = half-travel. On A F and 
A L as diameters, draw circles. About A, with a radius equal to 
the lap at the induction-side, draw an arc cutting the circle on 
A F in H and G; also, with a radius equal to the lap at the 
eduction-side, draw an arc cutting the circle on A L in N and P. 
Draw the straight lines, A H E, A G D, A N M, A P Q. These 
will represent respectively the positions of the crank at the instants 
of admission, cut-off, release, and cushioning. 

Rule V. — For an eccentric to drive a separate expansion gridiron 
slide-valve, make the angular advance 90°; also make width of 
openings ^ half-travel of valve = sine of angle made by position 
of crank when steam is cut-off with position at dead point. 

4. i^ink-iRietioB.— In fig. 109 let A be the axis of the shaft; A B, 
the forward eccentric radius; A C, the backward eccentric radius; 



Fig. 109. 



B D, the forward, and C E, the backward eccentric rods; D E, the 
link; F, the slider or stud. Radius of curvature of link = length 
of rods, or nearly so. 

Rule VI. — To find the motion of the slide valve produced by 
any intermediate position of the stud, such as F. 

With a radius bearing the same proportion to half the distance 
B C, that the length of the rods B D bears to that of the link D E, 
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draw the arc B C* If the eccentric rods are so placed (as in the 
figure) that when the eccentrics are inclined towards the link, the 
rods are crossed, make the arc B C convex towards the axis A. If 
the eccentric rods are so placed as not to be crossed when the 
eccentrics are inclined towards the link, make the arc B C concave 
towards A. In that arc take a point, K, dividing it in the same 
proportion in which, the stud F divides the link D E. Then the 
motion of the stud, F, will be veiy nearly the same as if it were 
directly connected by a rod K F with a crank A K. Consequently, 
from the half-tra/vdy A K, and the angular advance, of that sup- 
posed crank, the motions of the slide-valve and their effects may be 
deduced by Rule IV. of the precedine Article. 

5. Nomiiml Hene-Pewer.— I. Ordinary Rule far Condensing 
Engines. — Multiply the cube root of the stroke in feet by the 
square of the diameter of the cylinder in inches, and divide by 
60. 

II. Admiralty Rvh for Screvo-PropeUer Engines ordy, — Multiply 
the mean velocity of the piston in feet per minute by the square of 
its diameter in inches, and divide by 6,000. 

III. Rvlefor Non-Condensing Engines. — Multiply the cube root 
of the stroke in feet by the square of the diameter of the cylinder 
in inches, and divide by 20. 

The indicated power of steam engines ranges from once to six 
times the nominal power. 

*Tliis constraction ii dae to Mr. MTarlaoe Gray (see his Geometry 
0/ the Slide VcUve.) 
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ilea of Solids. — The following are the melting points of a few 
of the more important substances. Those marked ? have been 
measured bj the pyrometer : — 

Fahr. Fahr. 

Bismuth, 493® 

Lead, ... 630 

Zinc, 700 ? 

Silver, 1,280 ? 

Brass, 1,869 ? 

Copper, 2,548 ? 

Gold, 2,590 ? 

Cast-iron, 3>479 ^ 

Wrought-iron, higher, 
but uncertain. 



Mercury, - 38° 

Ice, + 32 

Alloy— Tin 3, lead 5, ) ^^^ 

bismuth 8, about, J 

Sulphur, 228 

Alloy— Tin 4, bismuth 5, ) , 

leadl, f ^4^ 

Alloy — Tin 1, bismuth 1, 286 

Alloy— Tin 3, lead 2, 334 

Alloy — Tin 2, bismuth 1, 334 
Tin, 426 

Latent heat of fusion of ice, about 140 British units; of tin, 
500. 

Flow of OniM»,— Let the pressure, b\ilkiness, and absolute tem- 
perature of a gas within a vessel be p^, v^, t^, and without the 
vessel, P2, ^2* '^2> ^^^ ^®* Po ^0 ^® *^® value of pv for the absolute 
temperature Tq of melting ice. (See page 278.) Let y be the 
ratio in which the specific heat of the gas is greater at constant 
pressure than at constant volume; 

Let O be the area of an orifice through which the gas escapes 
from the vessel; 

k, a co-efficient of contraction, or of efflux, so that the effective area 
of the orifice is ^ O ; 

u, the maximum velocity which the particles of the gas acquire 
in escaping, when there is no friction; 

"W, the weight of the gas which escapes in a second; then, 



-©-)}■ 



^oPi 



^2 Po ^0 ''l 

Values ot y: air, l'408j steam-gas, about TS. 
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Values of the co-efficient of efflux k for air (Weisbach) : — 

Conoidal mouthpieces, of the form of the con- ] k 

tracted vein, with eflTective pressures of from >o*97 to 0*99 

•23 to 1*1 atmosphere, j 

Circular orifices in thin plates, 0*563 to 0788 

Short cylindrical mouthpieces, o*8i to 0*84 

The same, rounded at the inner end, 0*92 to 0*93 

Conical converging mouthpieces, 0*90 to 0*99 

The principles of the flow of liquids may be applied with- 
out sensible error to gases made to flow by small diflerences of 
pressura 



Addendum to Part III., page 132. 

licrelling hj the Barometer.— To Correct the diflerence of level 
given by the formula for variations in the force of gravity, divide 
by the co-efficient of g^ in the note .to page 245. 



Addendum to Part YII. 

Friction of licather €oliariu— The friction of the leather collar of 
a hydraulic press plunger is equal to the pressure upon a ring equal 
in circumference to the plunger, and of a breadth which, according 
to Mr- William More's experiments, is about to of the depth of 
bearing surface of the collar; and according to Mr. Hick's ex- 
periments, from -01 inch to -015 inch, according to the state of 
lubrication of the collar. 



Addendum to Part YIII., page 274. 

. Additional Resistance of Siiip* dne to sliort after-body. — Let V be 

the speed in knots; I, the proper least length of after-body, in feet 
= f v2; I', the actual length of after-body; S, the area of midship 
section, in square feet; sin ^ y, the mean of the squares of the sines 
of the angles of obliquity of the stream-lines of the after-body; then, 
additionid resistance in lbs. — 

= 5-66 sin 2 y . S a/ ^1 - y), nearly. 



continuous over piers, 224. 
crojBS-sections of equal strength for, 
219. 



Bronze, strength o^ 196, 197. 
Building, labour o^ 253, 254. 
Bulkiness, 147. 
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Absolute temperatare (see Tempera- 
ture), 
unit of force, 104. 
Abutments, stability of^ 184. 
Acceleration, 245. 
Actual energy, 246. 
Adhesion ofiocomotives, 243. 
Air, expansion and elasticity of, 280. 
for famaces ; supply o^ 295. 
flow of; 302. 
Air-pump of steam engine, 297. 
Aluminium bronze, strength o^ 205. 
Angles, measures of, 90. 
liduction of; to the centre, 130. 
taken by sextant, reduction of; to 
the level, 130. 
Angle of repose, 180, 182. 

to set out a right, 127. 
Angular momentum, 247. 

velocity, measures o^ 102. 
Aqueducts (see Water). 
Ai^h, linear, or equilibrated rib (see 
Bib), 
of masonry or brickwork stability 

of, 188. 
strength of, 224. 
Area, measures.of, 95. 
Areas, mensuration of, 63, 129, 143. 
Asses, work of; 251. 
Atmospheric pressure, 115, 132. 
Axis of rotation, 229. 
Axle, strength o^ 226, 249. 
Azimuth, 119. 

Back pressure (see Steam). 
Backwater from a weir, 265. 
Bands in mechanism, 235. 

friction of; 241. 
Barometer, levelling by, 132, 303. 
Bars, weight o^ 163. 
Base of survey, to measure, 123. 
Beams, action of load on, 212. 

allowance for weight of; 220. 

continuous over piers, 224. 

cross-sections of equal strength for, 
219. 



Beams, deflection of, 221. 

effect of twisting on, 22(5. 

limiting length o^ 221. 

of uniform strength, 219, 229. 

proportion of depth to span o^ 224. 

resilience of, 224. 

shearing action on, 21& 

stiflness o^ 221. 

strength o^ 212. 

sudden load on, 216. 

to deduce stress from deflection 
of; 224. 

travelling load on, 216. 
Bed of stream, stability of, 268. 
Belts (see Bands). 
Bending, resistance to (see Beam). 
Bevel-wheels, 231. 
Blasting, labour o^ 253. 
Blocks and tackle, 238. 
Blowing off; 297. 
Boiler, dimensions and fittings of, 297. 

efficiency of, 296. 

strenglSh of, 207, 211, 297. 
Boiling point, levelling by, 133. 

effect of saltness on, 289. 
Boiling points (see Steam). 
Bolts, strength of, 208. 
Boring, labour of, 253. 
Bracing of frames, 168. 
Brake, 241. 

Brass, strength of, 195, 197. 
Breaking across, resistance to (see 

Beam). 
Brickmaking, labour of, 253. 
Brickwork, labour of; 254. 

stabilily of; 179. 
Bridges, framed, 169. 

girder (see Beams). 

iron or timber, arched, 225. 

stone and brick (see Arch). 

suspension, 227. 
Brine, blowing off, 297. 

boiling points of, 289. 
Bronze, strength of; 195, 197. 
Building, labour o^ 253, 254. 
Bulkiness, 147. 
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Buoyancy, 146, 157. 
Buttresses, 184. 

Cables, strength o( 204, 227. 

Canvas, strength of^ 205. 

Capaci^ for heat (see Specifi-^^ heat). 

measures of, 99. 
Carbon (see Fuel). 
Cascade, 267 

Catenarian curves, tables of co- 
ordinates of, 175. 

ribs, 174. 
Catenary, 80, 174 
Cement, strength of^ 20.3. 
Centres for arches, 190, 255. 
Centre of buoyancy, 167. 

of gravity, 153. 

of magnitude, 81. 

of osculation or percussion, 155. 

of pressure, 156. 
Centrifugal force, 246. 
Chains, equilibrium of, 170. 

strength of, 227. 
Chairs, railway, weight of, 244 
Channel, flow in, 264. 

stability of bed o( 268. 
Charcoal (see Fuel). 
Chimney, 297. 

Circular lengths and areas, 30, 42, 
68,77. 

arcs, 61, 77. 
Clearance, 291, 294 
Coal (see Fuel). 
Coke (see Fuel). 
Collapsing, resistance to, 211. 
Columns, strength of, 209. 
Combustion (see Fuel). 
Compression, resistance to, 209. 
Concrete, strength of, 203. 
Condensation-water, 295. 
Condenser, common, 297. 

surface, 298. 
Conduits (see Water). 
Cone, to measure, 71, 73, 74 
Connecting-rod, strength of, 209, 250. 
Contraction of stream, 259. 
Copper, strength o^ 195, 197. 
Couples, statical, 161. 
Crank, motion of, 236. 
Cross -breaking, resistance to (see 

Beam). 
Crushing, resistance to, tables, 197, 

201,203,205; rules, 209. 
Cubes of numbers, 1, 11. 
Current (see Water). 
Curvature of the earth, 117. 



Curvature of the earth, correction for, 

131. 
Curves, measurement of the length 
o^74 

on railways, cant o^ 139, 142. 

setting out, 133, 139. 
Cut-off (see Steam, action of). 
Cuttings (see Earthwork). 
Cylinder, capacity o£^ for steam, 293. 

strength of, 207, 211. 

Day, mean solar, 90. 

sidereal, 90. 
Deflection of beams, 221. 
Density, 147. 
Deviating force, 246. 
Diagram of work, 242. 
Dip of horizon, 122. 
Discharge, co-efficients of, 25^. 
Drainage area (see Eain-fall). 

Earth, curvature of the, 117, 131. 

dimensions of the, 117. 

heaviness of^ 152. 

natural slope o^ 180. 

pressure o^ 179, 180, 18a 
Earthwork, breadths o^ 142. 

labour o^ 253. 

mensuration of^ 143. 

setting-out, 142. 
Eccentric (see Slide valve gearing). 
Efficiency, conditions of greatest, in 
heat engines, 277. 

of a fall of water, 269. 

of furnace and boiler, 296. 

of machines, 239. 

of propellers, 275. 

of steam, 293. 

of turbines, 269. 

of vertical water-wheels, 269. 
Effort, 240. 
Elasticity of gases, 278, 280. 

of solids, 195. 
Elliptic areas, 69. 

arcs, to measure, 78. 
Embankments (see Earthwork). 
Energy, 239. 

actual, 246. 

actual, of a rotating body, 247. 

of heat, 277. 

jwtential, 239. 
Epicycloidal teeth (see Teeth). 
Equilibrated arch (see Arch). 
Equivalent, dynamical, of heat, 277. 
Evaporation, factors o^ 284. 

latent heat o( 283. 
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Evaporation, total heat o( 283. 

unit of, 105, 277. 
Excavation (see Earthwork). 
Expansion by heat, 147, 280. 

by the slide valve, 298. 

valve, 300. 
Expansive action of steam, 290, 292. 

Factors of safety, 205. 

Falling body, 248. 

Fall of water, energy of, 269. 

Feed-pump, 298. 

Feed-water, 294. 

Fifth powers and squares, 32. 

Floats of water-wheel, 272, 273. 

Flow of water (see Water), 

of gas, 302. 
Flues, dimensions o^ 297. 

strength of, 211. 
Fly-wheels, 247. 
Foot-pound, 103. 
Force, absolute unit of, 104. 

centrifugal, 246. 

component, 159. 

distributed, 146, 158. 

driving, 240. 

resultant, 158, 159. 

work of varying, 242. 
Forces, composition and resolution 
of; 158, 159. 

parallel, 162. 
Foundations, iron tubular, 254. 

on piles, 182. 

ordinary, 181. 
Frames, bracing o^ 168. 

equilibrium and stability of^ 165, 
169. 
Friction, moment of^ 241. 

of earth, 180. 

of machines, 240, 30a 

strap, 241. 
Frictional stability of masonry, 186. 
Fuel, available heat of combustion 
of, 296. 

expenditure of, 296. 

supply of air to, 295. 

total heat of combustion of, 295. 
Famace and boiler, dimensions and 
fittings of, 297. 

efficiency ofi 29C. 
Fusion, 302. 

Gaps in station-lines, to measure, 

128. 
Gases, expansion and elasticity of, 

148,280. 



Gases, flow of, 302. 

heaviness of; 149. 

properties o^ 278. 
Gathering-ground (see Bain-fitll). 
Gearing, 298. 

Greodesy, engineering, 117. 
Girder (see Beams). 

continuous, 224. 

stiffening, for suspension bridges^ 
226. 
Governor (see Pendulum, revolving), 

246. 
Gradients, ruling, 244. 
Granite, strength of, 197, 203. 
Gravity, accelerating effect o^ 215. 

centre of, 153. 

motion ander, 248. 

specific, 146. 

specific, table of, 149. 
Gyration, radius of; 154. 

Head due to velocity, 249. 

of water, 256. 
Headings, labour of driving, 253. 
Heat, dynamical equivalent of, 277. 

engines, efficiency of, 277. 

expansion by, 147, 148, 278, 280. 

expenditure o( in an engine, 283, 
293. 

intensity of, or temperature, 105, 
106, 277, 280. 

latent, 105, 283. 

of combustion, 295. 

quantities of; 105. 

specific, 277, 278, 279. 

unit o^ 105. 
Heating surface, 296. 
Heaviness, 102, 147. 

tables of, 149. 
Height due to velocity, 248. 

table of, 249. 
Hoop, stress of, 176. 
Horse-power, 104. 

indicated, of steam engine, 289. 

nominal, 301. 
Horses, work of, 251. 
Hydraulic press, strength o^ 208. 

ram, 273. 
Hydraulics, 256. 
Hydrocarbons (see Fuel). 
Hydrogen (see Fuel). 
Hyperbolic areas, 70. 

logarithms, 35, 38. 

Ice, melting o^ 302. 
Impulse, 2&. 
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Indicated power, 289. 
Indicator, steam engine, 242. 
Inertia, moment o( 154. 

reduced, 249. 
Injection water (see Condensation). 

valve or sluice, 297. 
Injector, 297. 

Intensitvof ptressore, 103, 115. 
Iron arched ribs (see Bibs). 

beams (see Beams). 

bridges (see Bridges). 

cast, strength of; 195, 197, 199, 
201. 

chains (see Chains). 

fastenings, 208. 

malleab& and steely, strength of, 
191, 200, 201. 

pipes, strength of; 207, 268. 

resilience oC 194 

struts and pillars, 209. 

Jet-pbopeller, 275. 
Journals, strength of, 226, 249. 
Jumping holes in rock, labour of, 
253. 

Keys, strength of; 208. 
Kilogramme, 97. 
Salogramm^tre, 104. 
Knot, or nautical mile, per hour, 
102. 

Labour, 253. 
Land measures, 95. 

mensuration of; 129. 
Latent heat of evaporation, 283. 

heat of fusion,. 302. 
Latitude of a place, to find, 122. 

len^ of a minute of, 117, 118. 
Length, measures of, 92. 
Level, for angles, 130. 

reduction 'to the, for distances, 
127. 
Levelling, 131. 

by the barometer, 132, 303. 

bv the boiling point of water, 133. 
link motion, 300. 
Linkwork in mechanism, 236. 
Locomotive engine, adhesion o^ 243. 

tractive force of, 244. 

weight of; 244. 

work of, 245. 
Logarithms, common, 1, 11. 

hyperbolic, 35, 38. 
Longitude, length of a minute o^ 117, 

118. 



Machines, 228. 

balancing o^ 241. 

driving £rce of; 240. 

friction of, 240. 

reduced inertia of, 24^ 

varied motion of; 245. 

work of (see Work). 
Magnitude, centre oi^ 81. 
Man, work of; 252 (see Labour). 
Masonry, labour of; 253, 254. 

stability of, 179. 
Mass, centre of (see Centre of 

gravity). 
Measures, British and French, com- 
parative table of, 110. 

multipliers for conversion o^ 107, 
112. 

of absolute force, 104. 

of angles, 90. 

of area, 95. 

of capacity, 99. 

of heat, 105. 

of heaviness, 102. 

of intensity of pressure, 103. 

oflengjjh, 92, 95, 96, 99. 

of statical moment, 104. 

of stress, 103. 

of temperature, 105. 

of time, 90. 

of value, 100. 

of velocity, 102, 

of volume, 96. 

of weight, 97. 

of work, 103. 

solid, 96. 

superficial, 95. 
Mechanism, 231. 
Melting points, 302. 
Men, work of; 252. 
Meridian, to find the, 119. 

length of arcs o^ 117, 118. 
Metre, 92. 
Mile, 92, 93, 94. 

nautical, 93. 
Mines, labour of driving, 253. 
Moment, measures of; 104. 

of inertia, 154. 

of sail, 275. 
of stability, 185. 
of weight, 153. 
Momentum, 245. 
Moneys, 300. 
Mortar, strength of, 203 
Motions, comparison o^ 228. 
Mules, work of, 251. 
Muscular strength, work o^ 250. 
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Nautical mile, 93. 

Nominal horse-power of engines, 301. 

Notches, flow of water through, 261. 

Oripice, flow throuffh (see Water). 
Oscillation, centre of (see Centre). 
Overshot water-wheels* 269» 27a 
Oxen, work o^ 251. 

Paddles, 275. 
Parabola, area o^ 63. 

length o^ 79. 
Parallel forces, 162. 

motion, 236. 
Peat (see Fuel). 
Pendulum, revolving, 246. 
Percussion, centre o^ 155. 
Periodical motion, 238. 
Piles for foundations, 182. 

screw, 183. 
Pillars, strength o^ 209L 
Pins, stren^h of, 20a 
Pipes, friction in, 258. 

flow in, 263. 

strength o^ 207, 268. 
Piston, 23a 

rod, strength o^ 210, 250. 
Planimeter or platometer, 80. 
Plank roads, labour of making, 255. 
Plans, scales for, 125. 
Plates, buckled, strength o^ 227. 

weight of; 153. 
Platometer, 80. 
Polygons, regular, 88. 
Ports, steam, 289, 298. 
Posts, strength of, 209. 
Potential energy, 239. 
Pound, standard, avoirdupois, 97. 

sterling, 100. 
Power, measurement o( 104^ 239. 

muscular, 250. 

of a fall of water, 269. • 

of steam engines (see Steam). 

of windmills, 270. 
Press, hydraulic, strength of, 207. 
Pressure, centre of; 156. 

intensity of; 103, 115. 

of earth, 179, 180, 183. 

of steam (see Steam). 

of the atmosphere, 115, 132. 

of water, 103, 179 (see Head). 
Prime fieu^rs, 33. 
Projections, parallel, 87. 
Propellers, 275. 

Propulsion of vessels, 274^ 303. 
Pull (see Tension). 



Polleys and belts, 235, 238, 241. 
Pumps for steam engines, 297. 

QuABBTiNG, labour o( 253. 

Bails lor railways, 244. 
Railways, breadths o^ 141. 

curves on, 133. 

power exerted by locomotives on, 
245. 

resistance of vehicles on, 243. 

ruling gradients o^ 244. 
Rain-faSi, 267. 
Kam, hydraulic, 273. 
Ranging (see Setting-out), 133. 
Re-action of moving body, 246. 

water-wheel, 273. 
Reciprocals of numbers, 1, 11, 31. 
Reduced inertia, 249. 
Reduction of resistances in machines 

to the driving point, 240. 
Refraction, astronomical, 122. 

correction of levels for, 131. 
Repose, angle o( 180, 182. 
Reservoir, time of emptying, 267. 
Resilience of beam, 224. 

of iron and steel, 194. 

of silk, 204. 
Resistance of carriages on roads, 242. 

of earth, 181, 183. 

of machines (see Friction). 

of materials (see Strength). 

of railway trains and engines, 243. 

of ships, 274, 30a 

of water in pipes and channels, 
257, 25a 
Resoltition of forces, 158, 159. 
Resultant of couples, 161. 

of distributed force, 15a 
, of inclined forces, 158, 160. 

of parallel forces, 162. 

of stress, 15a 

of weight, 15a 
Retaining walls, stability of, 184. 
Retardation, 245. 

RevStements (see Retaining iiralls). 
Rhumbs, table o^ 89. 
Ribs, arched, equilibrium of; 174^ 176. 

strength of, 225. 
Right angle, to set-out, 127. 
River-bed, stability o^ 268 (see 

Water-channels). 
Rivets, strength of; 208. 
Rivetted joints, strendih o( 207. 
Rivettine, labour of; 255. 
Roads, plank, labour of making, 255. 
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Roadfl, resistance of vehioleB on, 242. 
Rods, weight o^ 153. 
Bock-blasting, labour o^ 253. 

boring, 25a 

fomuuttions, 181. 

heaviness of^ 152. 

quarrying, 253. 

tunnelling in, 253. 

(See also Stone.) 
Ropes, strength of^ 204. 
Rotation, 229. 

actual energy of, 247. 

angular velocity o^ 102. 

axis o^ 229. 
Rupture, modulus of; 198, 201, 202. 

Safety, factors o( 205. 

valve, 297. 
Sails of ships, 275. 
Sandstone^ strength o( 197, 198, 

203. 
Scales for plans, 125. 

for sections, 126. 
Screws in mechanism, 235. 
Screw piles, 183. 

propeller, 275. 
Sections, method o^ applied to frame- 
work, 169. 

scales for, 126. 
Setting-out curves, 133. 

slopes and breadths, 142. 

works, 133. 
Sextant angles, to reduce to the 

level, 130. 
Shafts, strength of, 226, 249. 
Shearing, resistance to, 197, 201. 

208. 
Ships (see Vessels). 
Simpson's Rules, 64. 
Sines, 61. 

Slate, strength of; 195. 
Slide valve gearing, 298. 
Sluices, discharge firom, 263. 
Solid, centre of maguitude of, 84. 

measures, 96. 
Solids, mensuration of, 72. 
Soundings, reduction of, 133. 
Specific gravity, 146. 

tables of, 149, 278, 279. 

heat, 277, 278, 279. 
Speed-cones, 235. 
Speed, measures of, 102. 
Spheres, strength of, 207. 

volume of, 73. 

weight of, 153. 
Spherical areas, 71. 



Spherical excess, 55. 

triangles, 55, 58. 
Squares of numbers, 1, 11. 
Stability of masonry, 179. 

of vessels, 275. 
Stars, declinations o^ 121. 
Station-lines of surveys, 119, 128. 
Steam, action o^ on piston, 289, 290, 
292. 

back pressure of; 291. 

density of; 283, 285, 289. 

efficiency of; 293. 

expenditure of fad on, 296. 
of heat on, 293. 
of water on, 294. 

engines, dimensions o^ 293, 297. 

latent heat of, 283, 284. 

mean pressure of; 290, 292. 

passages, resistance of, 289. 

pressure of saturation of, 283, 235, 
289. 

room (see Boiler). 

tables relating to action o^ 285, 
292. 

total heat of; 283, 284. 

valve, 298. 

volume of, 283, 285, 289. 
Steel, resilience of, 194. 

strength of, 191, 200. 
Stiffiiess of beams, 221. 
Stones, heaviness of, 152. 

strength of; 195, 197, 198, 203. 
Stream (see Water). 
Strength of axles, 226. 

of l^ams, 212. 

of boilers and cylinders, 207, 211. 

of bolts, pins, keys, and rivets, 
208. 

of machinery, 249. 

of pillars and struts, 209. 

of pipes, 207, 208. 

of ropes and cables, 204. 

of shafts, 226,249. 

of spheres, 207. 

of suspension bridges, 173, 225, 
226. 

of teeth, 233. 

of tie-bars, 206. 

of tubes and flues, 207, 211. 

of wheels, 260. 

rules for, 205. 

tables of, 191. 
Stress, measures of; 103. 
Stretching, resistance to, 195, 206. 
Struts, strength of, 209. 
SurfEice-condeuser (see Condenser). 
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Surface, heating (see Heating sur- 

fsM^e). 
Survey, base for (see Base). 

scales for, 125. 
Surveying, 127. 
Suspension bridge, 173, 225. 

stiffening girder for, 226. 

Tackle, 238. 
Tangents, 61. 
Tearing, resistance to, 191, 195, 



Teeth of wheels, dimensions and 

figure o^ 233. 
strength of, 233, 250. 
Temperature, 105, 106, 277, 280. 
Tenacity (see Tearing, resistance 

to). 
Tie-line in surveying, 127. 
Ties, strength of, 206. 
Timber, labour of working, 254. 

strength of, 196, 198, 202. 
Time, measure of, 90. 
Thermodynamics, 277. 
Thermometers (see Temperature). 
Towers, stability o^ 184. 
Towns, demand of water for, 268. 
Trains, railway, resistance of^ 243. 
Transport of loads by muscular power, 

251, 252. 
Transverse strength (see Rupture and 

Beams). 
Triangles, approximate solution of 

spherical, 58. 
solution of plane, 53. 
solution of spherical, 55. 
Trigonometrical rules, 52. 
Trigonometry, use o^ in surveying, 

129. 
Trochoid, 70. 
Truss (see Frame). 
Tubes, stren^h o^ 207, 211. 
Turbines, efficiency ofi 269. 

dimensions and figure of, 272. 
Tunnels, arching o^ 188. 

labour of excavation in, 253. 
Turning (see Kotation). 
Twisting, resistance to (see Axles). 

Undershot water-wheels, 269, 271. 
272. 

Value, measures o^ 300. 
Valve, safety, 297. 

slide, 298. 
Vaults, stability of (see Arch). 



Velocities, virtual, principle o^ 240. 
VelociW, measures of, 102. 

angular, measures of, 102. 
Vessels, propulsion of, 274. 

resistance o^ 274, 303. 

sails of, 275. 

stability o^ 275. * 
Virtual velocities, 240. 
Vis-viva (see Energy, actual). 
Volumes, measurement o^ 72. 
Viaducts (see Bridges). 

Walls, stability of, 184. 
Water-channels, discharge of^ 264. 

resistance of, 257. 

stability of, 268. 
Water, contraction of streams o^ 
259. 

demand for, in towns, 268. 

discharge of^ from orifices, notches, 
and unices, 263. 

expansion o^ by heat, 147. 

flow of; 256. 

gauging, 260. 

head o? 256, 257. 

measurement of flow of, 260. 

power, 269. 

pressure engines, 269. 

pressure o^ 179. 

ram, 273. 

suppljr o^ by rain-feU, 267. 
Water-pipes, discharge through, 263. 

resistance in, 258. 

strength o^ 268. 
Water- wheels, dimensions and figure 
of, 270. 

efficiency of; 269. 

horizontal (see Turbines). 

vertical, 269, 270. 

re-action, 273. 
Water-wheel in an open 3urrent, 

272. 
Wave-lines, area of; 70. 
Weight, measures o^ 97. 

tables o^ 149. 
Weirs, 261, 265. 

cascade from, 267. 

swell and backwater from, 265. 
Wheels, 231. 

bevel, 231. 

paddle, 275. 

skew-bevel, 232. 

strength of, 250. 

teeth of; 23a 
Wind, action o^ on towers and chim- 
neys, 184. 
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Wind, prettnrB o( 276. 
Windimlla, 27a 
Wood (see Fuel). 
Work, against vuying 
242. 

calculation of, 238. 

during retardation, 24)5. 



renstanoe, 



Work, meaanres d, 102. 

of acceleration, 245. 

represented by an area, 242. 

useful and urasteful, 239. 
Works, setting out, 133. 

Yard, standard, 92. 
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